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FOREWORD 

This document was prepared by General Dynamics/Convair (Report No. 

GDC-64-026) for the Electronic Systems Division, Air Force Systems Command, 

United States Air Force.   It is the final report under Contract AF19(628)-3275. 



ABSTRACT 

This document covers the analysis and design of CBR protection for AN/TSQ-47 

system shelters.    Standard CBR protection components were selected based on 

Category A protection requirements and a shelter system analysis.    The E46R7 

filter unit, Q-38 protective entrance (short), and E31 anti-backdraft valve, each 

with minor modifications, are the recommended CBR protection components. 

In addition, a booster blower unit is required in the shelter recirculation system 

to reduce shelter pressure.   Components are sized based on assumed leakage 

and pressure drop characteristics.    The values assumed are considered to be 

within 10% of actual values.    Tests are defined to verify the assumptions if veri- 

fication is considered necessary. 

REVIEW AND APPROVAL 

This technical documentary report TDR-64-230 has been reviewed and 
is approved. 

HERBERT M.  KNIGHT 
Technical Contract Monitor 
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SECTION 1 INTRODUCTION 

An Investigation was initiated on 1 July 1963 under Air Force Contract AF19(628)- 

3275 to determine the type of CBR equipment required for the protection of the 

various AN/TSQ-47 system shelters.   This report contains the results of the 

investigative effort from 1 July 1963 through 31 January 1964. 

The AN/TSQ-47 System is an air-transportable Air Traffic Control System 

consisting of the following personnel and equipment shelters: 

a. AN/TPS-35 Search Radar. 

b. AN/TPN-14 Final Approach Radar. 

c. AN/TSQ-5 RAP CON. 

d. AN/TSW-6 Tower. 

e. AN/TSC-23 Long Range Communications. 

f. AN/TRN-17 TACAN. 

One or more 3-ton air conditioners control the environment of each shelter 

and one or more gas-turbine 400-cycle power generator units supply the electrical 

power for the air conditioners and shelter equipment.   The over-all AN/TSQ-47 

system is in the preproduction stage of development. 

CBR protection equipment is equipment that prevents the infiltration of 

chemical, bacteriological and radiological warfare agents into an area occupied 

by personnel and equipment. 

The investigation included the following: 

a.    A review of literature pertaining to CBR protection techniques. 



b. Trips to U.S. Army Chemical Center at Edgewood, Maryland, shelter 

and equipment manufacturers, and the contractor to obtain background 

information. 

c. A pressure and temperature analysis of each shelter system. 

d. Preliminary design of CBR protection equipment required. 

Although not required, a progress report (Reference 1) was prepared to 

facilitate discussion of conclusions reached with the contractor approximately 

midway through the investigation. 



SECTION 2       SUMMARY 

Category A CBR protection is required for AN/TSQ-47 system shelters.   Cate- 

gory A protection as applied to shelters requires for each shelter a CBR filter 

unit, shelter system pressurization, a protective entrance, an anti-backdraft 

valve, and remote controls for these components.   Standard Chemical Corps 

components were investigated and found with capacities in the range required. 

Each of the six AN/TSQ-47 system shelters was analyzed to determine the per- 

formance requirements of CBR protection components.   The analysis results 

show that when the shelter system is pressurized a booster blower is required 

in the shelter recirculation system to reduce shelter static pressure to where 

door loads are acceptable for ease of entrance.   A booster blower unit has been 

designed to meet the requirements shown by the analysis. 

CBR protection components selected for the AN/TSQ-47 system shelters are: 

a. E46R7 Filter Unit. 

b. Q-38 Protective Entrance (short). 

c. E31 Anti-Backdraft Valve. 

Each of these components will require some modification, as described in 

Paragraph 6.3.   Procurement descriptions and drawings for these units can be 

obtained from the Chemical Corps.   Shelter modifications will be required, as 

described in Paragraph 6.4, to accept the protection components, the booster 

blower unit and a control panel.   Detailed modification designs could not be made 

because final shelter drawings were not available.   Booster blower and CBR filter 

unit performance requirements are based on assumed values for shelter and air 

conditioner leakage, and shelter recirculating airflow pressure drop.   Assumptions 

are considered to be within 10% of actual.   However, tests are defined in Para- 

graph 6. 2 to verify the assumptions if verification is considered necessary. 





SECTION 3 CBR PROTECTION REQUIREMENTS 

3.1    CATEGORY OF PROTECTION 

The Chemical Corps Board has established four categories of collective protec- 

tion applicable to transport vehicles or vans (see Reference 2).   These four 

categories are listed and defined as follows: 

Category A — CBR protection equal to the standard personnel gas masks 

while eliminating the human element (time-to-mask, mask 

fit, and danger of continuous exposure may be disregarded). 

This includes an air lock to allow shelter entrance or exit. 

Category B — CBR protection equal to standard personnel gas masks 

while eliminating the human element; no air lock. 

Category C — Personnel gas mask only CBR protection. 

Category D — Shelter space sealed from external infiltration and inert 

as to ventilation. 

CRDL personnel recommended that the AN/TSQ-47 system shelters nor- 

mally occupied by personnel be provided Category A protection. 

3. 2    CATEGORY A REQUIREMENTS 

Category A protection as applied to AN/TSQ-47 system shelters requires for 

each shelter system the following: 

a.    A CBR filter unit (collective protector) to provide a source of filtered 

air. 



b. Shelter system pressurization to prevent contamination of recirculated 

and/or make up air from the filter unit by leakage into the system. 

c. A protective entrance to permit aseptic entry and exit from the shelters. 

d. An anti-back draft valve to aid in maintaining shelter pressurization, 

and adjust makeup flow to personnel ventilation requirements. 

e. CBR unit pressure controls, coordinated with the shelter system, to 

maintain pressurization and assure a contaminant-free atmosphere 

throughout the entire system. 

3.3    PROTECTION PERIOD 

It is not feasible to assume complete personnel isolation within enclosures of the 

AN/TSQ-47 system for extended periods.   However, It is recommended that the 

CBR unit be operated at all times during Imminent as well as actual attack.   This 

means that the protection system must be set up and ready for use whenever the 

AN/TSQ-47 system Is operated in an area considered subject to attack.   Since 

early warning systems are not advanced to the state where they could be used 

automatically to activate the protection system, manual actuation will be required, 

preferably from within the shelter.   For minimum actuation time, turning a switch 

to "on" should be all that is necessary to actuate the protection system. 

Standard CBR filter units provide CBR protection equal to the standard 

personnel gas mask.     According to the gas-aerosol filter qualification tests, 

this means that continuous protection will be provided for approximately 200 

attacks at expected concentrations.   Since 200 attacks within a 30-day period is 

highly improbable, a CBR unit designed according to CRDL criteria  should 

readily meet the 30-day protection period specified for the AN/TSQ-47 system. 



SECTION 4 CANDIDATE CBR COMPONENTS 

4.1    CBR FILTER UNITS 

Standard CBR filter units must include a pre-filter, particulate filter, gas- 

aerosol filter, and an Integral blower unit.   The particulate and gas filters may 

be replaced subsequently with a combination unit now under development testing 

at CRDL.   The pre-filter ensures removal of relatively large particles, such as 

dust, fallout material and debris — thus extending the life of the particulate 

filter.   The particulate filter must have a 99. 9% efficiency for particles of 0. 3- 

micron size.   Gas-aerosol filtration is accomplished by use of impregnated 

activated coconut shell charcoal in beds of integrated fiber-bound layers (com- 

bination unit).   The Integral blower unit must maintain system pressurization 

as well as overcome the resistance of the filters. 

Currently available CRDL-qualified CBR filter units are listed in Table I 

along with the physical characteristics of each unit.   Most of the Table I units 

were designed for a specific shelter, vehicle or van, which means that some 

modifications probably will be required to adapt a selected unit to the AN/TSQ-47 

system shelters.   When a new filter unit design has passed performance tests, 

a Chemical Corps purchase description is prepared along with production drawings. 

Considering that the CBR filter unit required for each shelter system in the 

AN/TSQ-47 system must provide filtered air to a protective entrance as well as 

the shelter system while maintaining pressurization, a CBR filter unit with rated 

flow in the 200- to 400 cfm range is required.   From Table I,  the M6, E46R7, 

and Missile Monitor CBR filter units have rated flows in the required range. 
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The M6 unit does not meet the latest CBR unit requirements because it does not 

include a particulate filter.   Procurement descriptions and drawings for the 

E46R7 and Missile Monitor filter units were obtained from the Chemical Corps 

to facilitate the final unit selection. 

Tables II and III list standard CRDL-approved gas filters and particulate 

filters.   A new CBR filter unit can be designed specifically for the AN/TSQ-47 

shelter system using combinations of the filters in Tables II and III.   Barnebey- 

Cheney also has particulate and gas-aerosol filters that have less pressure drop 

than the equivalent CRDL-approved units.   The Barnebey-Cheney filter units 

would require testing to CRDL specifications.   Figure 1 presents a schematic 

of a standard CBR filter unit such as the selected Missile Monitor unit incorpo- 

rated into the AN/TSQ-47 system. 

4.2    PROTECTIVE ENTRANCE 

A protective entrance essentially is an air lock to prevent the infiltration of 

contaminated air when personnel are entering or leaving a shelter.   Protective 

entrance designs applicable to the AN/TSQ-47 system are collapsible and include 

tubular and channel framing covered with impermeable butyl fabric or transparent 

plastic containing zipper-flap vent holes and entrance.   The protective entrance 

maybe attached to the shelter around the entrance door by a zipper-flap arrangement. 

CBR filter unit air is fed to a plenum at the top or one side of the entrance 

to maintain an internal static pressure slightly less than shelter pressure when 

the entrance is closed.   The side of the plenum facing the inside of the entrance 

is made of permeable fabric that uniformly distributes airflow over the cross 

section of the entrance.   Depending on the design, the air flows uniformly across 

or down the entrance to vent holes.   Manually regulated vent holes are provided 

to allow adjustment of the entrance pressure leakage characteristic to match the 

pressure flow capacity of the CBR filter unit or to increase decontamination 

purging when necessary.   The force to open the zippered slot for personnel access 

decreases as the aperture increases.   A zippered slot also is provided for 
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Figure 1.   Typical AN/TSQ-47 Shelter System Schematic 
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discarding contaminated clothing.   All zippered or controllable openings contain 

internal and external flap seals to prevent leakage when closed. 

Both rectangular and cylindrical protective entrance designs are available. 

Figure 2 shows the rectangular design, designated as Protective Entrance, 

Missile Van, Collapsible, E25R1, described in Reference 3.   Figure 3 shows the 

cylindrical design described in Reference 4.   Since the cylindrical design appeared 

more adaptable to the AN/TSQ-47 system shelters, drawings were obtained from 

the Chemical Corps. 

4. 3    ANTI-BACKDRAFT VALVE 

An anti-backdraft valve is used as an exhaust for shelter ventilation air, to main- 

tain a nearly constant shelter static pressure, and to prevent a reverse flow of 

air from the atmosphere should a pressure wave develop on the outside.   Figure 4 

shows an available valve, designated as valve, anti-backdraft, E31.   The pressure 

drop across this valve is regulated by positioning the counterweight on the arm 

attached to the hinged valve damper.   An air-type dashpot is included to prevent 

damper oscillation.   A purchase description and drawing was obtained for the 

E31 anti-backdraft valve from the Chemical Corps. 

13 
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Figure 2.   Rectangular Protective Entrance 
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Figure 3.   Cylindrical Protective Entrance 
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Figure 4.   Anti-backdraft Valve 
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SECTION 5 SYSTEM INTEGRATION 

5.1    SYSTEM DESCRIPTION 

Figure 1 shows a schematic of a typical AN/TSQ-47 shelter system with the re- 

quired CBR protection components.   Included are identifying symbols for system 

performance analysis.   Primary shelter system components are: 

a. One or more air conditioners (depending on the total shelter heat load) 

having a nominal cooling capacity of 35,000 BTU per hour and a heating 

capacity of 18,400 BTU per hour. 

b. Two, 20-ft. -long insulated flexible air ducts with a nominal diameter of 

10 in. (per air conditioner). 

c. One equipment and personnel shelter. 

Primary CBR protection components to be sized and integrated with the shel- 

ter system are: 

a. CBR filter unit. 

b. Protective entrance. 

c. Two sections of insulated flexible ducting to supply filter unit air to air 

conditioner and protective entrance. 

d. A bypass valve to supply fresh air when CBR protection is not required. 

e. An anti-backdraft valve. 

f. A control panel to be installed in the shelter. 

17 



5.1.1    AIR CONDITIONER — The air conditioner Is an AiResearch 3-ton unit 

designated No. 682910-1 for the AN/TSQ-47 communication system.   It contains 

an evaporator, a hermetically sealed compressor, a condenser (with an integral 

receiver), an evaporator fan, two condenser fans, a refrigerant constant-pressure 

expansion valve, a refrigerant hot-gas bypass control valve (used to control the 

cooling capacity), a refrigerant sight gage, an air filter, a thermostat, a fresh 

air damper, and miscellaneous system control components.   The air conditioner, 

when used to heat or cool and dehumidify the atmosphere of an enclosure, is 

normally externally connected to the enclosure by means of two flexible ducts. 

In operation, conditioned air is continuously circulated through the enclosure by 

the evaporator fan of the air conditioner.   Ambient (fresh or CBR filter unit) air 

can be mixed with the recirculated air to provide ventilation for the occupants of 

the enclosure, if desired.   Air conditioner cooling capacity is controlled In re- 

sponse to the enclosure return air temperature at the inlet to the air conditioner. 

A thermal bulb, sensing return air temperature, operates an adjustable therm- 

stat located on the air conditioner control panel.   The thermostat controls cooling 

capacity by cycling the compressor hot-gas bypass valve open and closed, and 

heating capacity by cycling the heaters off and on In response to the temperature 

set at the air conditioner return air Inlet.   A dial knob on the thermostat allows 

selection of control temperatures between 60° F and 90* F. 

The recirculated airflow delivered by the air conditioner is affected by the 

pressure drop of the air distribution system external to the air conditioner.   The 

air distribution system includes the flexible ducting and the shelter.   Air condi- 

tioner cooling capacity, In turn, Is affected by the recirculated airflow.   Recir- 

culated airflows versus corrected air distribution pressure losses calculated In 

Table IV based on Reference 5 data are shown In Figure 5 and recirculated air- 

flow versus cooling capacity is shown in Figure 6.   These figures show that as 

air distribution system pressure losses increase, recirculated airflow and cooling 

capacity will decrease.   Reference 5 contains a more detailed description of the 

air conditioner.   The Figure 6 curve was plotted from Reference 5 data. 

18 
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Air conditioner leakage was assumed equal to 40 cfm when the static pressure 

at the inlet to the recirculating fan is equal to 0.3 in. of water gage for the shelter 

system analysis.   This assumption is based on the leakage characteristics shown 

in Reference 3 for a 5-ton air conditioner. 

5.1. 2   SHELTER — In general, the recirculating airflow path through each of the 

six AN/TSQ-47 system shelters is from inlet to shelter space, from shelter space 

through electrical or electronic equipment into an outlet plenum, and out through 

the outlet port.   In passing through the shelter space, the recirculated airflow 

will pick up heat from personnel and shelter wall infiltration.   Although some of 

the equipment dissipates heat to the shelter space, the total equipment heat load 

has been assumed absorbed by the air after it passes through the shelter space. 

Table V shows, for each of the six shelters, the electrical and personnel heat 

loads along with the number of air conditioners required.   The shelters requiring 

two air conditioners have two recirculating air inlets and outlets, so that the air 

conditioners and ducting (four ducts) are in parallel up to the shelter. 

Shelter leakage is assumed equal to 25 cfm when shelter static pressure is 

equal to one inch of water gage for the shelter analysis.   This assumption is 

based on an inspection of the shelters.   Pressure drop from the shelter recircu- 

lating air inlet to outlet is assumed equal to one Inch of water with a recirculating 

airflow of 110 lb. /min. through the one-air-conditioner shelters and 220 lb. /min. 

through the two-air-conditioner shelters.   This assumption is based on an 

AiResearch estimate. 

5.1. 3    INSULATED FLEXIBLE DUCTING — Pressure loss characteristics of 

the 20-ft. sections of 10-in. nominal diameter insulated flexible ducting are 

calculated in Table VI and plotted In Figure 7 based on information from Mr. 

Ken Kummerlow of AiResearch, Phoenix, Arizona that the latest ducting has 

70% of the pressure drop quoted in Reference 5.   The over-all heat transmission 

coefficient of the ducting shown in Table VII Is calculated in the Appendix, based 

on information from ESD. 
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Figure 7.   Ducting Pressure Drop Characteristics 

5. 2    SHELTER SYSTEM OPERATION 

5. 2.1    WITHOUT CBR PROTECTION — With a typical shelter system connected 

as shown In Figure 1, shelter personnel can select heating, cooling, or ven- 

tilation (air recirculation by evaporator fan only) to condition the shelter environ- 

ment by actuating the desired switch on the air conditioner control panel and 

adjusting the thermostat to the desired temperature.   When heating, cooling or 

ventilation is selected the evaporator fan recirculates air from the air conditioner 

to the shelter and back to the air conditioner via the flexible ducts.   When the 

cooling switch is on and the inlet temperature to the air conditioner is above the 

thermostat setting, the air conditioner refrigeration unit is on and the evaporator 

removes heat from the recirculating air.   When the heating switch is on and the 

inlet temperature to the air conditioner is below the thermostat setting, the elec- 

trical heaters in the air conditioner are on and heat is added to the recirculating 

air.   In other words, heat is pumped by the recirculating air system either from 

25 



the shelter and ducting to the air conditioner or from the air conditioner to the 

ducting and shelter.   The air conditioner dumps removed heat to the atmosphere 

via the refrigeration unit and adds heat via the electrical heaters. 

Without CBR protection, the shelter pressure with the recirculation system 

on is at or slightly above the outside ambient pressure depending on the flow 

through the port in the shelter door.   With the shelter at ambient pressure, the 

pressure at the inlet to the air conditioner will be below outside ambient due to 

the pressure drop of the return air duct.   Also, the air conditioner inlet pressure 

must be below ambient before fresh or makeup air will enter the recirculation 

system.   In turn, the pressure at the inlet to the evaporator or recirculating 

fan will be lower than the inlet to the air conditioner due to the pressure drop of 

the filter, evaporator and coiled heaters.   Then, since the recirculating fan must 

overcome all the pressure losses in the recirculating airflow system, the recir- 

culating fan inlet pressure is the minimum pressure in the recirculating system. 

When the cooling load in a particular shelter exceeds air conditioner capa- 

city, two air conditioners are connected in parallel to that shelter.  The two air 

conditioner shelters will contain two inlet and two outlet ports, so that flexible 

ducting is connected from each air conditioner to the shelter. 

5. 2. 2    WITH CBR PROTECTION — With CBR protection components connected 

to the typical shelter system as shown in Figure 1 and not activated, the shelter 

system will operate as described In Paragraph 5.2.1.   When the CBR protection 

components are activated by a switch in the shelter, the fesh air bypass valve is 

closed and CBR filter unit blower is turned on.   The CBR filter unit blower will 

deliver filtered air to the recirculation system and protective entrance with a 

pressure rise that will maintain system pressurizatlon.   The dampers are either 

manually or automatically adjusted so that the minimum pressure in the recircu- 

lation system is maintained at 0.3 in. of water gage, and a pressure slightly less 

than shelter pressure is maintained in the protective entrance.   The quantity of 

filter air supplied to the recirculation system will be equal to either leakage 
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flow or personnel ventilation needs whichever Is greater.   When recirculatlon 

sytem leakage Is less than ventilation requirements, the anti-backdraft valve Is 

adjusted to maintain the required ventilation flow.   Exhaust ports in the protective 

entrance are adjusted so that pressurization is maintained with the required purge 

flow.   When the protective entrance door slot is opened, the entrance pressure 

will approach outside pressure and filter unit flow to the entrance will increase. 

Opening the shelter door with the protective entrance door closed (neither door 

should be opened simultaneously) will cause a surge of shelter air to the lower 

pressure entrance, and shelter pressure will approach entrance pressure.   How- 

ever, when shelter pressure drops, the anti-backdraft valve closes, the resistance 

of the recirculatlon system to filter unit flow also drops, and filter unit flow to 

the recirculatlon system increases.   The surge of air to the protective entrance 

will increase the pressure and entrance resistance to filter unit flow, lowering 

the flow. 

With automatic damper control, pressure sensors automatically control the 

dampers to maintain the desired pressures.   Automatic damper control has the 

advantage of compensating for pressure buildup in the filters with operating 

time.   With manual damper controls, an operating test must be made manually 

to adjust the dampers and assure that with entering and exiting personnel system 

pressurization will be maintained.   A shelter pressure in the 0. 5 to 1 in. of 

water gage range is desirable. 

5.3    DESIGN REQUIREMENTS 

CBR protection for any system ideally should be designed and developed con- 

currently with that system.   With concurrent design and development, advanced 

CBR protection techniques can be integrated with system components to provide 

multipurpose collective protection.   Since AN/TSQ-47 shelter system components 

already have been designed, advanced multipurpose CBR protection techniques 

can not be used.   The objective, then, is to determine performance requirements 

of CBR protection components for the AN/TSQ-47 shelter systems and select 

standard components that meet the requirements. 
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CBR protection components, when added to a typical AN/TSQ-47 shelter 

system, will affect shelter system performance.   Shelter system performance, 

In turn, dictates the capacity of the CBR filter unit.   Shelter system pressuri- 

ation must be maintained by the CBR unit.   The flow required from the unit will 

be dependent upon either system leakages or personnel ventilation requirements, 

whichever are greater.   Primary leakages will be from the air conditioner and 

the shelter.   The leakage rate of these units is not known at present.   Minimum 

pressure in the recirculation system will be at the air condioner recirculation 

blower inlet.   For convenience, air conditioner leakage should be referenced to 

the pressure at the blower inlet.   Shelter leakage will vary with shelter pressure 

which is dependent on the recirculating airflow rate.   The airflow delivered by 

the air conditioner blower decreases as system pressure losses increase.   The 

recirculation system pressure losses, excluding the air conditioner, are the 

result of flow losses through the flexible ducting, shelter and shelter components. 

Shelter pressure thus will be equal to 0.3 in. HO (recirculating blower inlet 

pressure), plus the system pressure loss from the shelter interior to the blower 

inlet at the recirculation airflow rate commensurate with such losses. 

CBR filter unit total flow capacity must be equal to recirculation system 

leakages (assuming they are greater than personnel ventilation requirements), 

plus the protective entrance airflow requirement.   The CBR unit blower must 

deliver the total flow at a pressure sufficient to maintain shelter and entrance 

pressurization.   Blower power increases with flow and the pressure rise from 

inlet to outlet.   Total blower input power will increase the temperature of the 

filter unit air because, as shown by Figure 1, the blower motor normally is 

mounted in the flow path for cooling.   The temperature increase of the filter 

unit air adds an air conditioner cooling load that reduces shelter cooling capacity, 

increasing shelter temperature, thus dictating the requirement of a second air 

conditioner for a particular shelter.   Therefore, protective entrance flow from 

the CBR filter unit should be provided by another flow path to facilitate entrance 
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pressure control and to minimize the air conditioner cooling load added by the 

filter unit.   High entrance temperature should be tolerable for the relatively 

short time the entrance will be occupied by entering or exiting personnel. 

5.4    SHELTER SYSTEM ANALYSIS 

5.4.1    GENERAL — Each of the six AN/TSQ-47 system shelters was analyzed 

to determine hot day (T    = 125° F) temperatures and pressures with CBR pro- 

tection components connected as shown in Figures 1 and 8, and with a booster 

blower added as shown in Figure 8.   The booster blower configuration was added 

because a preliminary analysis indicated that, with system pressurization, shelter 

pressure is too high for easy entrance to the shelter.   The analysis described in 

detail in the Appendix is based on shelter system performance characteristics 

shown in Figures 5 through 7, Table VII, and on assumptions.   Air conditioner 

performance, pressure drop and cooling capacity versus recirculating airflow, 

is shown in Figures 5 and 6.   Ducting pressure loss characteristics are shown in 

Figure 7.   The electrical and personnel heat loss coefficients in each shelter are 

shown in Table VII.   Air conditioner leakage, shelter leakage, and shelter recir- 

culating air pressure drop characteristics are assumed in Paragraphs 5.1.1 and 

5.1. 2 and the Appendix.   These assumptions are based on engineering judgments 

and considered to be within 10% of actual valves. 

The general analytical procedure consisted of:   (1) assume temperature, 

pressure, and flow at one point in the recirculation system (T  , P„W       in 
t i      A. v> 

Figures 1 and8); (2) calculate temperatures, pressures and flows around recir- 

culation loop to and including starting point;   (3) compare assumed and calculated 

starting point values, reestimate original assumptions and repeat calculations 

until assumed values equal calculated values.   This iteration process was repeated 

for each shelter with a booster blower pressure rise of 1, 2, 3, 4, and 4. 5 in. 

of water gage.   Minimum pressure in the recirculation system was assumed 

equal to 0.3 in. of water gage.   Minimum recirculation system pressure was 

assumed to be at the recirculation fan inlet   initially, and then shifted to the 
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minimum pressure point based on the calculations.   Since the calculation process 

required a tedious iteration process, a Simple Numerical Analysis Program 

(SNAP) for the IBM 1620 computer and the IBM 1620 computer was used to per- 

form the calculations. 

Analysis results are shown in Figures 9 through 17.   Shelter system per- 

formance with CBR component connected is shown in Figures 9 through 17 where 

the booster blower pressure rise is zero.   Performance of the Figure 8 system 

is shown where the booster blower pressure rise is greater than zero. 

5.4. 2    BOOSTER BLOWER REQUIREMENTS — Recirculation system pressure 

losses from the recirculating fan inlet to the shelter cause high shelter pressures 

as shown at the zero booster blower pressure rise points in Figures 9 and 11. 

Recirculation system pressure losses consist of air conditioner, ducting, and 

shelter losses.   Ducting losses can be reduced by increasing the duct size or 

paralleling additional sections of ducting.   Air conditioner pressure losses can 

be reduced only by modifying the unit.   Shelter pressure losses which have been 

assumed, also can be reduced only by modifying the shelter.   Duct and shelter 

losses are equal to approximately one half the total because the air conditioner 

inlet pressure is approximately one half of the shelter pressure at zero booster 

blower pressure rise, and shelter pressure minus the recirculating fan inlet 

pressure is equal to the summation of the air conditioner, one 20-ft. section 

of ducting and one half the shelter recirculating air pressure losses.   Air con- 

ditioner and shelter modifications to reduce pressure losses are not practical. 

Therefore, a booster blower is required to reduce shelter pressures as shown 

by Figures 9 and 11. 

Figure 9 shows how pressures and recirculating airflows vary with the 

pressure rise of a booster blower, installed as shown in Figure 8.   As the 

booster blower pressure rise is increased from zero to 4.5 in. of water, the 

recirculating airflow will increase from approximately 76 lb. /min. to 110 

lb. /min., the booster blower inlet pressure will decrease to where it becomes 
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Figure 13.   E46R7 Filter Unit Airflow to Shelter System — Two A/C Shelters 
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the minimum pressure in the recirculation system, and shelter pressure will 

decrease from approximately 2. 25 to 0. 8 in. of water gage.   Air conditioner 

cooling capacity will increase from approximately 31,430 to 35,300 BTU/hr. 

with the 76 to 110 lb. /min. recirculating airflow increase as shown by Figure 6. 

Without a booster blower, the minimum pressure in the recirculation system is 

at the recirculating fan inlet and when this minimum pressure is maintained at 

0, 3 in. of water gage, the shelter pressure is more than 2 in. of water gage as 

shown in Figure 9.   A shelter pressure of 2 in. of water gage is excessive be- 

cause door loads will make entering or exiting through the protective entrance 

virtually impossible.   A 2-in. water differential across a 3 by 6-ft. door imposes 

a total load of over 180 lb. that must be overcome either in opening or closing 

the door.   Figure 9 shows that shelter pressure is minimum at a recirculating 

flow of 103. 6 lb. /min. or a booster blower pressure rise from 3.15 to 3.45 in. 

of water, depending upon the shelter. 

In Figure 10, the booster blower pressure rise of each shelter is plotted 

versus the recirculating airflow in cubic feet per minute to allow selection of 

a booster blower design point.   A booster blower with flow-pressure rise charac- 

teristics equal to or greater than the Figure 9 design point is required.   To select 

a booster blower that will maintain minimum shelter pressure in each of the six 

shelters, the shelter with maximum booster blower pressure rise at the 103. 6 

lb. /min. design point in Figure 9 is selected and the design point is plotted on 

the appropriate Figure 10 curve.   Typical blower performance curves are passed 

through the design point and the operating point of each shelter will be where this 

curve intersects the shelter curve.   The selected design point is correct if the 

flow at each shelter operating point is equal to or greater than 103. 6 lb. /min. 

point in Figure 9.   From the Figure 10 design point, a blower that will pass 

1, 535 cfm of air with a 0. 0675 lb. /cu. ft. density through a pressure rise of 

3.45 in. of water is required, and the blower performance curve with the least 

slope at the design point will cause the least pressure rise change between shelters. 
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Shelter pressures are plotted versus booster blower pressure rise in 

Figure 11 to show more clearly the booster blower effect on system pressures. 

This figure shows minimum shelter pressures where the booster blower inlet 

pressure becomes the minimum pressure in the system.   The air conditioner 

inlet pressure curves are shown in this figure to indicate CBR filter unit pressure 

rise requirements without a booster blower.   As shown by Figure 1, without a 

booster blower, the CBR filter unit air is introduced at the air conditioner inlet. 

To maintain a minimum recirculating system pressure of 0.3 in. of water gage 

at the recirculating fan inlet, Figure 11 shows that the CBR filter unit air must 

be introduced at a pressure of from 1.1 to 1. 2 in. of water gage.   With a booster 

blower connected as shown in Figure 8, CBR filter unit air can be introduced at 

the booster blower inlet where the minimum recirculation system pressure is 

0.3 in. of water when the booster blower pressure rise is at least 3.45 in. of 

water. 

Figures 9, 10 and 11 include curves for one air conditioner of the two-air- 

conditioner shelters (AN/TSW-5 and AN/TSC-23 shelters).   Actual flow through 

the two-air-conditioner shelters is double that shown for one air conditioner. 

The two-air-conditioner shelter analysis was made assuming that a booster 

blower and E46R7 filter unit will be required for each air conditioner. 

5.4. 3    FILTER UNIT REQUIREMENTS - The E46R7 filter unit airflow to the 

one- and two-air-conditioner shelter systems is shown in Figures 12 and 13 respec- 

tively.   Filter unit flows are the summation of air conditioner and shelter leakage 

flows calculated from the assumed leakage characteristics.   The Figure 13 flows 

are for only one of the two filter units and are equal to leakage flow from one air 

conditioner plus one half the shelter leakage.   Figures 12 and 13 show that filter 

unit flow decreases as the booster blower pressure rise increases until the booster 

blower inlet pressure is equal to the minimum pressure in the recirculation system, 

and then increases with booster blower pressure rise.   The flow drop is due to 

shelter leakage while the rapid increase above the minimum shelter pressure 

point is due to air conditioner leakage.   Circled points in Figures 12 and 13 show 
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filter unit flow requirements where typical blower curves match shelter system 

losses in Figure 10. 

The Chemical Corps recommends a minimum personnel ventilation require- 

ment of 10 cfm per person.   From Table V, 30 cfm (10 cfm x 3 persons) is the 

maximum personnel ventilation required for the shelter system filter unit flows 

shown in Figure 12, and 45 cfm per filter unit (10 cfm x 9 persons = 90 cfm total) 

is the maximum ventilation required for shelter system filter unit flows shown in 

Figure 13.   Figures 12 and 13 show that the filter unit airflows required to over- 

come system leakages are well in excess of personnel fresh air requirements. 

5.4.4    SHELTER TEMPERATURE — Figures 14 through 17 show shelter system 

temperatures.   Hot-day shelter temperature variation with booster blower pres- 

sure rise is shown in Figure 14.   This figure shows that the booster blower heat 

load does not significantly increase shelter temperature until the booster blower 

design point is reached.   Typical booster blower performance points are shown 

on these curves.   The two air conditioner AN/TSC-23 shelter will have the highest 

temperature on a 125° F day.   Figure 15 shows the temperature of the recirculating 

air entering the electrical equipment in each shelter.   Figure 16 shows the temper- 

ature of the recirculating air entering each air conditioner on a 125° F day.   The 

AN/TRN-17 shelter system is the only one with an air conditioner inlet temper- 

ature in the thermostat control range of a 125° F day.   Figure 17 shows how 

ambient temperature affects the AN/TSC-23 shelter temperature. 

5.4. 5    FILTER UNIT AND ANTI-BACKDRAFT VALVE SELECTION - The 

shelter system analysis results in Figures 9 through 17, show that a booster 

blower is required to maintain reasonable shelter pressures (0.7 to 0.8 in HO 

gage), temperatures, and filter unit airflows.   With the Figure 8 booster blower 

installation, the filter unit can be located near the shelter and protective entrance 

where short ducts can be used and the filter unit flow to the shelter system can be 

introduced at the minimum pressure in the recirculation system. 
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Figure 18 shows the airflow characteristics of the E46R6 filter unit fan. 

Included are the characteristics of a fan that will increase the external pressure 

rise of the filter unit approximately 2 in. of water at 300 cfm.   Figure 19 shows 

the airflow characteristics of the E46R6 filter unit, and includes the characteristic 

with the modified fan.   The cylindrical protective entrance proposed for the shelter 

system requires a purge flow of 200 cfm, and should be pressurized to 0.6 in. 

of water gage when the shelter is maintained at from 0.7 to 0.8 in. of water gage 

(Figure 9 design point).   Allowing 0.4 in. of water duct loss from the filter unit 

to the protective entrance, then the E46R6 filter unit will deliver 284 cfm at 0.6 + 

0.4 or 1.0 in. of water gage with the existing fan and 303 cfm at the same pressure 

with the modified fan, as shown by Figure 19.   This leaves either 84 or 103 cfm 

available for the shelter system.   Figures 12 and 13 show that 84 cfm is more 

than enough flow for all but the AN/TRN-17 and AN/TPN-14 shelters, while 103 

cfm will satisfy all shelter leakage flow requirements.   Although E46R6 filter unit 

performance with the modified fan is indicated, its requirement cannot be estab- 

lished until final booster blower design characteristics and system leakage char- 

acteristics are known. 

Figure 12 and 13 airflows are based on assumed shelter and air conditioner 

leakage characteristics considered to be within 10% of actual leakage.   Tests 

should be conducted to verify assumed leakage characteristics.   If leakages are 

less than shown in Figures 12 and 13, an anti-backdraft valve is required to 

allow adjustment of leakage flows to the desired value.   Theroretically, the anti- 

backdraft valve is not required if normal system leakage is adequate.   Actually, 

the valve would be required just to allow adjustment for the variation of leakage 

characteristics in identical shelters.   The anti-backdraft valve must be sized to 

pass from 0 to 100 cfm over a range of shelter pressures of 0.7 to 0.8 in. of 

water gage.   The E31 anti-backdraft valve as shown in Figure 20 has flow charac- 

teristics similar to the desired requirement.   However, the valve will have to be 

modified to shift the counterweight adjustment from a 0. 5 to 0. 6 in. of water 

gage pressure range to a 0.7 to 0.8 in. of water gage pressure range. 
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SECTION 6 SELECTED CBR PROTECTION DESIGN 

CBR protection components have been selected for the AN/TSQ-47 system 

shelters based on the requirements for Category A CBR protection and a shelter 

system pressure and temperature analysis.    Performance requirements of some 

components are based on assumptions that should be checked by test.   The per- 

formance requirements of these components may be changed by the test results, 

so consideration was made for the possible performance change in selecting the 

components.   None of the selected components can be considered standard items 

because modifications are required to adapt them to AN/TSQ-47 shelter systems. 

CBR protection components selected for the AN/TSQ-47 shelter systems are: 

a. One E46R7 filter unit per air conditioner with two sections of 4-in. 

nominal diameter flexible ducting per filter unit. 

b. One short Q-38 protective entrance system per shelter entrance. 

c. One booster blower unit per air conditioner and one section of 10-in. 

nominal diameter insulated flexible ducting per booster blower unit. 

d. One E31 anti-backdraft valve per shelter. 

e. One shelter control panel per shelter, including electrical cable and 

tubing to control CBR system. 

Performance and test requirements, selected components and shelter system 

modifications are described in the following paragraphs. 
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6.1    PERFORMANCE REQUIREMENTS 

AN/TSQ-47 shelter system performance with CBR protection components and the 

performance requirements of the CBR protection components can be defined based 

on the results of the shelter system analysis.   Shelter system operation and per- 

formance as well as the performance requirement of each component is described 

in this section. 

6.1.1    SHELTER SYSTEM OPERATION AND PERFORMANCE - A typical 

AN/TSQ-47 shelter system should be set up as shown in the Figure 8 schematic. 

A control panel (not shown in the figure) is located in the shelter and contains, 

in addition to "off "on" switches for the booster blower and filter unit, shelter 

and protective entrance pressure gages and indicator lights.   When the initial 

installation is completed, the shelter recirculation system, booster blower unit, 

and CBR filter unit are turned on.   With the system on, it is inspected for exces- 

sive leakage and, after leaks are sealed, the damper valves are adjusted to pro- 

vide 0. 3 in. of water static pressure at the inlet to the booster blower, and a 

static pressure of from 0.1 to 0.2 in. of water less than shelter pressure (0.7 

to 0.8 in. of water) in the protective entrance with a 200-cfm flow to the entrance. 

The adequacy of the damper valve setting should be checked by observing the 

shelter pressure drop, if any, when the shelter door is opened.   If the drop is 

greater than the static pressure set at the booster blower inlet (0. 3 in. of water) 

the static pressure at the booster blower inlet must be increased so that it will 

not drop below outside ambient when the shelter door is opened.   The shelter 

pressure gage can be used to check the booster blower inlet pressure by con- 

necting a section of plastic hose from the gage to the sensing port on the booster 

blower.   Airflow characteristic curves should be provided with the protective 

entrance so that the ports and damper can be adjusted to provide 200 cfm to the 

entrance without the use of flow measuring apparatus.   The anti-backdraft valve 

should be adjusted to maintain shelter pressure based on the valve performance 

characteristics. 
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After the initial installation test, the filter unit and booster blower can be 

turned off and not used until CBR protection is required.   Without the protection 

system on, the shelter system will operate as described in Paragraph 5. 2.1. 

The recirculating air will bypass the non-operating booster blower via the swing 

check valve, as shown in Figure 8.   The booster blower can be energized without 

the filter unit to increase the recirculating airflow and cooling or heating capacity 

if shelter air conditioning is not adequate. 

When the selected CBR protection system is turned on shelter system per- 

formance should be as follows: 

a. Recirculating airflow — 103 to 110 lb. /min. 

b. Filter unit flow to shelter system — 56 to 99 cfm. 

c. Filter unit flow to protective entrance — 200 cfm. 

d. Minimum static pressure in recirculating system at booster blower 

inlet — 0. 3 to 0. 5 in. HO. 

e. Shelter static pressure — 0.7 to 0.8 in. HO. 

f. Protective entrance pressure — 0.5 to 0.7 in. HO. 

Recirculating airflows and filter unit flows to shelter system are double the 

preceeding values in the two air conditioner shelters. 

6.1. 2    COMPONENT PERFORMANCE REQUIREMENTS 

6.1. 2.1 CBR Filter Unit — This unit must deliver at least 300 cfm of filtered 

air at a outlet static pressure of one inch of water when the damper valves are 

wide open. 

6.1. 2. 2    Booster Blower Unit — The booster blower unit must deliver 1, 535 cfm 

of 0. 0675 lb. /cu. ft. density air at 3.45 in. of water static pressure rise from the 

shelter outlet to the outlet duct.   The selected booster blower must deliver the 

required air at a static pressure rise of 3.45 in. of water, plus the added ducting 

and unit loss or an estimated maximum of 5 in.  of water. 
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6.1. 2.3 Anti-backdraft Valve — The anti-backdraft valve must be adjustable 

so that It will pass flows of 30 to 100 cfm at static pressures of 0. 5 to 1. 0 In. 

of water. 

6.2    TEST REQUIREMENTS 

6. 2.1    PERFORMANCE REQUIREMENTS TESTS - Performance requirement 

tests should be conducted if it is found necessary to verify the assumptions used 

in the shelter system analysis.   Specifically air conditioner leakage, shelter 

leakage, and shelter recirculating air pressure loss tests are the tests that 

should be conducted.   The results of these tests may change component perfor- 

mance requirements. 

6.2.1.1    Air Conditioner Leakage — Determine air conditioner leakage airflow 

versus recirculating fan inlet pressure as follows: 

a. Block air conditioner inlet and outlet ports.   Connect a 0-2 in. of water 

full-scale static pressure gage or water manometer to pressure ports located so 

that the static pressure at the inlet to the recirculating fan is measured.   Connect 

a low pressure air supply to the air conditioner at the CBR port through a flow 

control valve and an airflow measuring apparatus, preferrably a calibrated flow- 

meter with a 0 to 100 or 200 cfm flow range.   Vary the static pressure at the 

inlet to the recirculating fan from 0 to 1. 0 in. of water gage in 0. 2 in. of water 

increments and record the flow required to maintain each static pressure.   Check 

for unnecessary leakage at the maximum static pressure, fix leaks if necessary, 

and repeat test. 

b. An alternate procedure is to connect one 20-ft. section of the 10-in. du 

ducting to the air conditioner inlet and outlet, and operate the recirculating fan 

while conducting the preceeding test.   If leakage measured is greater than 40 cfm 

at a recirculating fan inlet static pressure of 0. 3 in. of water gage, leaks will 

have to be located and modifications made to reduce leakage. 
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6.2.1. 2   Shelter Leakage — Determine leakage airflow from each shelter In 

the AN/TSQ-47 system as follows: 

a. Connect a low-pressure air supply to the shelter recirculating air inlet 

through a flow control valve and calibrated flowmeter.   Block all shelter outlets 

that normally will not leak air.   Connect a pressure gage or water manometer to 

the shelter so that shelter static pressure is measured.   Vary shelter static 

pressure from 0 to 2 in. of water in 0. 5-in. increments with flow control valve 

and record flow at each pressure point. 

b. If shelter leakage flow is greater than 25 cfm at one inch of water static 

pressure, locate principal leaks and modify shelter as required to minimize leaks. 

6. 2.1. 3    Shelter Pressure Drop — Determine the pressure drop from the shelter 

recirculating air inlet to outlet versus recirculating airflow for each shelter as 

follows: 

a. Install static pressure taps at the shelter inlet and outlet ports, and 

connect pressure gages or manometers to these taps.   Connect a low-pressure 

air supply to the shelter inlet port through a flow control valve and flow meter 

and open the shelter outlet port.   When testing shelters with one air conditioner, 

vary the recirculating airflow from 50 to 120 lb. /min. in 10 or 20 lb. /min. in- 

crements and at each incremental flow point record the inlet and outlet static 

pressure.   When testing shelters with two air conditioners, vary the airflow from 

100 to 240 lb. /min. in 40 lb. /min. increments and record static pressures at 

each increment. 

b. If the static pressure drop is greater than one inch of water at 110 

lb. /min. flow through the one-air-conditioner shelters or at 220 lb. /min. flow 

through the two-air-condltioner shelters, additional testing will be required to 

locate the shelter pressure losses and to reduce the pressure losses.   If the 

pressure drop is less than one inch of water at the same flows, booster blower 

performance can be reduced. 

51 



6. 2. 2    QUALIFICATION AND ACCEPTANCE TESTS - The qualification and 

acceptance tests specified for the AN/TSQ-47 system will be performed on the 

CBR protection components unless it can be shown that the components already 

have passed similar or acceptable tests.   Chemical Corps Procurement Descrip- 

tions require only performance and shipping tests.   Since each of the selected 

CBR components will require some modification for the AN/TSQ-47 system, 

complete qualification and acceptance tests must be performed.   Performance 

tests must include tests that ensure compliance with the requirements defined 

in Paragraph 6.1. 

6. 3    CBR PROTECTION COMPONENTS 

Selected CBR protection components are described in the following paragraphs. 

6.3.1    E46R7 CBR FILTER UNIT 

6.3.1.1    Present Unit Description — Filter unit, gas-particulate, EMD, 300 

cfm, E46R7, defined in Reference 6 is a collective protector for the removal of 

toxic gases and aerosols from the atmosphere.   The filter element uses two 

banks, each containing one 150-cfm particulate filter and one 150-cfm gas filter. 

The banks operate in parallel providing a total air flow of 300 cfm.   The unit is 

equipped with a prefliter and is covered with an aluminum skin for weather pro- 

tection and appearance.   The aluminum blower (Joy Vaneaxial Fan, Model No. 

AVR55-45D0809) is powered by a 0. 7 hp (0. 7 x 0. 746 = 0. 52 kw) 416v, 3-phase, 

400-cycle, ac motor; It is rated at 300 cfm at a static head of 8-in. of water gage. 

The discharge is equipped with damper flow control valves that control the filtered 

air output to each of the two separate filter air supply hoses.   Approximate over- 

all deminsions of the collective protector are 40 in. wide, 24 in. deep, and 16 in. 

high.   Over-all weight is estimated at 160 lb. 

6.3.1. 2    Filter Unit Modifications — Figure 19 shows that the present E46R7 

filter unit blower will deliver from 289 to 286 cfm at delivery pressures from 

0. 5 to 0.8 in. of water gage, or approximately 10 to 15 cfm less than the require- 

ment.   Also it is predicted that the E46R7 filter unit, with modified blower, will 
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deliver from 308 to 305 cfm at delivery pressures from 0. 5 to 0. 8 in. of water 

gage, or approximately 8 cfm more than the requirement.   Thus, Figure 19 

shows that the modified blower is required for the E46R7 filter unit.   The modi- 

fied blower is required for the E46R7 filter unit.   The modified blower is a Joy 

Vaneaxial Fan, Model No. AVR62-47D1890, modified to deliver 300 cfm at a 

static head of 10 in. of water gage with a 1-hp (0. 746 kw), 120/208-volt, 3-phase, 

400-cycle ac motor.   This fan weighs 8.5 lb.   Since this fan is slightly larger 

than the present unit, the filter unit will have to be modified.   There is adequate 

space for the new fan but detailed filter unit drawings were not available to work 

out the modification. 

If shelter system leakage and pressure loss characteristics are found   by 

test to be less than assumed in this study, the filter unit flow requirement may 

decrease to where the present blower is adequate.   In this case, the present 

blower motor will have to be changed from a 416 volt to 115/208v. 3-phase, 

400-cycle motor. 

It is recommended that the electrical circuit in the E46R7 unit be modified 

to the circuit, described in Paragraph 6.3.5.1.   A circuit breaker, fuses, man- 

ual switch, and remote control receptacle will be added to the existing main power 

receptacle and pressure switch by this modification.   The modification is required 

to allow the direct connection of power from a separate power distribution panel 

and the addition of remote filter unit control. 

6.3.1.3    Damper Control — Automatic damper control was considered for the 

two outlets of the E46R7 filter unit and found to be too expensive for the slight 

operational advantage.   Automatic damper control has the primary advantage of 

compensating for pressure losses that increase with operating time.   A pressure 

loss increase that would require a significant change in damper setting during an 

operating time period is not anticipated because 48 hours is the longest predicted 

continuous protection period and the filters are designed for the equivalent of 

200 mass attacks.   Automatic damper control components such as described in 

Reference 3 are designed for 110-volt, 60-cycle ac operation. 
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6.3.1.4    Flexible Ducting — Four-inch nominal diameter flexible ducting is 

required to connect CBR filter unit air to the shelter recirculation system and 

the protective entrance.   Figures 21 through 28 show plan views of the AN/TSQ-47 

shelter systems with the required CBR protection components.   Components are 

essentially to scale and the filter unit was located to minimize protective entrance 

duct loss.   With the filter units located as shown in these figures, 10 ft. of the 

4-in. ducting is required to supply filter unit air to the protective entrance; 15 ft. 

of the same ducting is required to supply filter unit air at the booster blower in- 

let of the shelter recirculation system.   Ten feet of 4-in. flexible duct similar 

to the 10-in. ducting was estimated to have a pressure drop of approximately 

0.1 in. of water with 200 cfm of air flowing; thus, the filter unit location is not 

critical with respect to protective entrance duct loss.   However, the protective 

entrance pressure is the higher of the two pressures maintained by the filter 

unit; therefore, this pressure will size the blower motor in the filter unit. 

6. 3. 2    PROTECTIVE ENTRANCE SYSTEM - The Q38 or short protective 

entrance system designed by Hughes Aircraft Co., Fullerton, California, for 

the Missile Monitor System is recommended for AN/TSQ-47 system shelters. 

The Q38 protective entrance was selected because it can be rapidly assembled 

and disassembled, is less bulky and lighter than the rectangular protective en- 

trance, and is the latest design with a Chemical Corps Standard A classification. 

As shown in Figure 3, the Q38 protective entrance is a dual cylindrical design 

coupled to the shelter entrance, and supported from a single point on top using 

a cantilevered support attached to the shelter.   The dual cylinder is a fabric 

assembly constructed of neoprene-coated nylon fabric, cotton duck, and cotton 

webbing.   The fabric assembly can be folded into a shape approximately 24 x 14 

x 11 in. and weighs approximately 25 lb.   A coupling or transition  piece per- 

manently attached to the shelter around the entrance allows rapid zipper con- 

nection between the protective entrance and shelter.   The cantilevered support 

includes a pulley for raising the protective entrance into position. 
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The dual-cylinder protective entrance design encloses an inner and outer 

compartment.   Doors consisting of crescent-shaped openings secured by a 

zipper provide access to the shelter via the outer and inner compartments.   The 

compartments are purged with filter unit air delivered to the top of the inner 

compartment.   The filter unit air is evenly distributed across and down the inner 

compartment by diffusion through a false ceiling of cotton poplin.   Part of the 

total purge flow enters the outer compartment via a port near the top of the 

partition between compartments.    Purge or scavenging air leakage ports are 

provided around the periphery near the bottom of both compartments.   Each port 

is adjustable and covered with gusseted flaps on tae outside to protect against 

backdrafts.   An opening also is provided in the side of the inner compartment 

for ejecting contaminated clothing.    Protective entrance pressure is regulated 

by adjusting these ports.    For adequate purging, the Q38 entrance requires 200 

cfm of filter unit air and has been operated with static pressures as high as 3 in. 

of water gage without damage. 

An early assembly of the protective entrance was installed by one person in 

six minutes.   With the door frame coupling and cantilever support beam installed 

on the shelter as they would be when the system is deployed on site, the install- 

ation procedure consists of:   (1) installing spreader bars in the fabric assembly. 

(2) hoisting and securing the fabric assembly to the support beam,    (3) connecting 

the fabric assembly to the coupling, and (4) attaching the supply air duct.   Tie- 

down stakes also are provided to hold the entrance in place under wind conditions. 

Some shelter and/or protective entrance modifications will be required to 

attach the door frame coupling and the cantilever connector.    Detailed modifications 

cannot be made because final shelter drawings are not available.   However, modi- 

fication problems and their solution can be described and suggested.   The present 

door frame coupling consists of a 48 by 71 in. frame of aluminum angle, rubber 

gasketing, a zippered cloth flange, and CAMLOC fasteners to attach coupling to 

shelter.   The coupling can be folded to a 75 x 18 x 3 in. space.   CAMLOC 
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receptacles must be located around the door of each shelter approximately 7 In. 

apart on a 46.5 by 69. 50 in. rectangle to mate with the coupling.   Final shelter 

drawings are not available to determine whether or not there are holes or con- 

nections in the shelters that are located so as to interfere with the coupling 

installation.   Figures 21 through 28, which show a plan view of the protective 

entrance attached to each shelter, indicate some of the coupling problems.   Two 

possible arrangements are shown for the TSW-5 and TSC-23 shelters.   It is 

assumed that only one of the two doors in the TSW-5 shelter will require a pro- 

tective entrance.   Figures 21, 25, 26, and 27 show that a coupling adapter is 

required for the TPS-35, TSW-6, and TSC-23 shelters.   Figure 29 shows four 

possible commercial panel fasteners that could be utilized with the coupling 

adapters proposed in Figures 30 through 32.   Figures 33 through 35 show several 

possible methods of installing the CAMLOC receptacle in the wall of the shelters 

not requiring an adapter.   An airtight coupling and/or adapter is required for 

each shelter. 

The cantilever design depends upon the method of shelter attachment, and 

the shelter attachment method depends upon the load-carrying capability of the 

shelter roof.   As with the coupling, a cantilever and its method of shelter attach- 

ment cannot be designed because final shelter drawings are not available.   How- 

ever two possible designs are shown in Figures 36 and 37. 

The Q38 protective entrance weighs 54 lb. without the support beam and 

occupies approximately 10 cu. ft. folded up.   One support beam design weighs 

25 lb. 

6.3. 3    BOOSTER BLOWER UNIT — The booster blower unit shown in Figure 38 

has been designed to deliver 1,535 cfm of 0.0675 lb. /cu. ft. density air at a 

3.45 in. of water static pressure.   As shown by the Figure 8 schematic, the 

required pressure rise is from the shelter outlet to the outlet duct which includes 

the pressure loss of the duct added to connect the shelter outlet to the unit. 

Blowers capable of delivering approximately 1, 500 cfm of 0.0675 density air at 
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PROTECTIVE ENTRANCE 

FILTER UNIT E46R7 

4-IN. FLEXIBLE DUCT 

BOOSTER BLOWER UNIT 

AIR CONDITIONER 

COUPLING ASSEMBLY 
(37-IN. x 70-IN) 

ANTI-BACKDRAFT VALVE 

REMOTE CONTROL CABLE 

CONTROL PANEL 

SHELTER 
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BOOSTER BLOWER UNIT 15 FT. 
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AIR CONDITIONER 

PROTECTIVE 
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COUPLING ASSEMBLY 
(37 IN. > 70 IN.) 

Figure 21.   TPS-35 Shelter System Plan 
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ANTI-BACKDRAFT VALVE 

FILTER UNIT E46R7 

BOOSTER BLOWER UNIT 
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10HN. FLEX. DUCT 

PROTECTIVE 
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Figure 22.   TPN-14 Shelter System Plan 
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PROTECTIVE ENTRANCE 
SENSING LINE 
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FILTER UNIT 

ANTI-BACKDRAFT 
VALVE 

PROTECTIVE ENTRANCE 

Figure 23.   TSW-5 Shelter System Plan A 
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Figure 24.   TSW-5 Shelter System Plan B 

10-IN. FLEX. DUCT 

R CONDITIONER 

ANTI-BACKDRAFT 
VALVE 

COUPLING ASSEMBLY 
(30 IN. x 60 IN.) 

BOOSTER BLOWER UNIT 

4-1N. FLEX. DUCT 

PROTECTIVE PROTECTIVE ENTRANCE 
ENTRANCE SENSING LINE 

Figure 25.   TSW-6 Shelter System Plan 
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ANTI-BACKDRAFT VALVE 
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(37 IN. x 70 IN.) 

Figure 26.   TSC-23 Shelter System Plan A 
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Figure 27.   TSC-23 Shelter System Plan B 
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REMOTE CONTROL 
POWER CABLE 

PROTECTIVE ENTRANCE 
SENSING LINE 

ANTI-BACKDRAFT VALVE 

FILTER UNIT 

4-IN. FLEX. DUCT 

BOOSTER BLOWER UNIT 

AIR CONDITIONER 

CONTROL PANEL 

Figure 28.   TRN-17 Shelter System Plan 

a static pressure of 5 In. water were investigated.   The static pressure require- 

ment was increased to compensate for losses in the unit and added ducting. 

Figure 39 shows the airflow characteristics of the three blowers considered for 

the booster blower unit.   The typical blower curves shown in Figure 10 are the 

Figure 39 curves minus losses adjusted to give design point performance.   The 

Dynamic Air Vaneaxial Fan Curve No. Y9201-5 is selected because, as shown by 

Figure 10, it will cause the smallest pressure rise change between shelters. 

The dynamic air fan contains a 1. 9-kw, 200v, 400-cycle, 3-phase fan motor. 

As shown by Figure 38, the booster blower unit is a 14. 6 by 23. 5 by 32. 9 

in. aluminum box that contains the axial fan, a swing check bypass valve, a 

fresh air inlet and valve, two 10-ln. inlet ports with covers, one 10-in. outlet 

port with cover, and a 4-in.  CBR filter air inlet port with cover and an electrical 

control panel.   The booster blower unit weighting an estimated 46 lb. was de- 

signed to be used as follows: 
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1. OELRONCO. INC., 
SOUTHGATE, CALIF 

2. SHURLOCKCORP., 
SANTA ANA, CALIF. 

ALUMINUM ALLOY FRAMING WITH WELDED 
45° MITERED CORNER JOINTS 

-METHOD A* 

BLIND RIVET 
OR RIVNUT 
INSTALLATION 

HUCK BOLT OR 
AN BOLT 
INSTALLATION 

SHELTER WALL 

PROTECTIVE 
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Figure 29.   Commercial Panel 
Fasteners. 

Figure 30.    Protective Entrance 
Attachment Methods 
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Figure 31.    Protective Entrance 
Attachment Methods 

Figure 32.   Protective Entrance 
Attachment Methods 
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PANEL FASTENER (SPECIAL) 
SOURCE:   DELRON CO. INC., 

5224 SOUTHERN AVE. , 
SOUTH GATE, CALIF. 

SHELTER WALL 

CAWIDC S'XEPTACLE 
SOLDERED OP BRAZED 
TO PANEL FASTFNER 

. J CAMLOC GAS-TIGHT 
RECEPTACLE SOLDERED 
OR BRAZED TO TUBE 

STUD PINS WELDED 
TO RCCEPTACLE BASE. 
BLIND RIVETS OR DRIVE 
SCREWS CAN BE USED IN 
LIEU OF STUDS 

Figure 33.   Shelter Wall 
Fastener 

Figure 34.   Shelter Wall 
Fastener 
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COUPLING 
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Figure 35.   Shelter Wall 
Fastener 
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—_ EL ILL.. 

HUGHES AIRCRAFT 
HOIST MECHANISM 
DWG. NO. 1512745 

HUGHES AIRCRAFT CO. 
PROTECTIVE ENTRANCE 
DWG. NO. 1512965 

PICK UP EXISTING 
STIFFENER 

SEE FIGURES 33 THRU 35 

HUGHES AIRCRAFT CO. 
COUPLING ASSEMBLY (48 IN. . 71 IN. I 
DWG. NO. 1512971 

Figure 38.   Protective Entrance Support Structure 
HUGHES AIRCRAFT CO. 
HOIST MECHANISM 
DWG. NO. 1512745 

AN 116 SHACKLE 
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QUICK DISCONNECT PIN 
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PROTECTIVE ENTRANCE 
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SEE FIGURES 33 THRU 35' 

PIN JOINT (DOUBLE SHEAR) 
QUICK DISCONNECT PIN 
(NAX 13XX SERIES) 

HUGHES AIRCRAFT CO. 
COUPLING ASSEMBLY ( 48 IN. « 71 IN.) 
DWG. NO. 1512971 

Figure 37.   Protective Entrance Support Structure 
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DENSITY =0.( 

kLFAN 
/R90-65D638 

075 LB./FT.3 

8 

7 

6 

MODEL NO. A 

DENSITY = 0. 

DYNAMIC 
CURVE NC 

DENSITY 

AIR 
. Y9201-5 

= 0.075 LB./FT 
3                ^W 

5 

4 

3 

2 

1 

n 
800 1,200 1,400 1,600 

AIRFLOW -CFM 

2,000 2,200 

Figure 39.   Blower Airflow Characteristics 
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a. Set booster blower unit on ground in line with shelter outlet port so that 

a 6-ft. section of 10-in. nominal diameter insulated flexible ducting can be con- 

nected to either the top or end inlet depending upon the location of the shelter 

outlet port.   Connect outlet duct, CBR filter unit duct, and electrical power 

cables to unit. 

b. When CBR protection is not required and the shelter recirculation 

system is on, with the booster blower off, the recirculating air will bypass the 

booster blower via the swing check valve and the fresh air valve can be opened 

as shown in Figure 40.   When CBR protection is required, the booster blower is 

turned on along with the CBR filter unit and the fresh air valve is closed.   The 

pressure rise across the booster blower will close the swing check valve so that 

all recirculating air will pass through the booster blower as shown in Figure 41. 

CBR filter unit air is introduced at the booster blower inlet at a 0. 3 in. of water 

gage static pressure. 

Figures 21 through 28 show the booster blower unit outline in each shelter 

system.   These figures show that a 6-ft. section of 10-in. flexible ducting is the 

longest section required to connect the booster blower unit to the shelters.   Al- 

though 3-ft. sections can be used for three of the six shelters, six sections are 

recommended for all shelters to provide common parts for the whole system. 

Also, as shown by these figures, one of the 20-ft. sections of 10-in. duct now 

required for the system can be replaced with a 10-ft. section. 

Booster blower performance requirements are based on an assumed shelter 

recirculating air pressure-loss characteristic.   Although the assumption is 

considered to be within 10% of actual, the booster blower unit is sized to accept 

a range of blowers.   Test should be conducted to verify the assumption. 

6.3.4    E31 Anti-Backdraft Valve — Possible locations for the E31 anti-backdraft 

valve shown in Figure 4 are indicated in Figures 21 through 28.   The valve should 

be located so that it senses shelter static pressure.   Figure 20 shows the per- 

formance characteristics of the valve.   The valve will have to be modified so 
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FRESH 

AIR TO 
AIR CONDITIONER 

BYPASS DAMPER -OPEN 

Figure 40.   Booster Blower Unit — Normal Operation 

FRESH AIR INLET 
CLOSED 

AIR TO 
AIR CONDITIONER 

FILTERED AIR 

BYPASS DAMPER 
CLOSED 

Figure 41.   Booster Blower Unit — CBR Protection 
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that the same flows will be passed at 0.7 to 0. 90 in. of water static pressure. 

The modifications can be made by increasing the weight of the counterweight 

and/or lengthening the counterweight arm.   The E31 anti-backdraft valve weighs 

approximately 15 lb. 

6. 3. 5    CONTROL CIRCUIT AND PANEL 

6.3. 5.1    Control Circuit — Figure 42 shows an electrical schematic of the CBR 

protection control circuit proposed for AN/TSQ-47 system shelters.   Included 

is the electrical schematic of the E46R7 filter unit and the booster blower unit. 

As shown by this figure, each of the two units can be energized either at the unit 

or from a control panel remotely located in the shelter.   The filter unit switch 

in the remote control panel is wired to energize the booster blower unit also so 

that the booster blower will be on when the filter unit is on.   The separate man- 

ual switch for the booster blower unit allows use of that unit without the filter 

unit.   Separate power connectors and cables are provided because power source 

120/208 VOLT 
C» 400 CPS POWLR 

SOURCE 

Figure 42.   Electrical Schematic, CBR Protection for 
Typical AN/TSQ-47 Shelter System 
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connectors will have to be located in the shelter wall near or at the shelter power 

panel.   The air conditioner unit contains a three-phase power connector for a 

CBR filter unit.   It is recommended that this power connector be used for the 

booster blower unit power source because the booster blower unit always will be 

closer to the air conditioner than the filter unit. 

AN/TSQ-47 shelter system and/or CBR protection component modifications 

required to incorporate the control circuit shown in Figure 42 are listed as 

follows: 

a. Modify electrical circuit In E46R7 filter unit to circuit shown in Figure 42. 

b. Install a 15-amp, 3-phase circuit breaker for the CBR unit in the air 

conditioner. 

c. Install a 5-terminal power connector for the E46R7 filter unit In the wall 

of each shelter at or near the shelter power panel and connect the power 

to it. 

d. Install two 5-termlnal remote control connectors and the remote control 

unit in and on the wall of each shelter at a location convenient to per- 

sonnel in the shelter. 

6.3.5.2    Control Panel — A control panel is required in each shelter to control 

and monitor the operation of CBR protection components.   The control panel 

design shown in Figure 43 contains the following components: 

a. A 0-2 in. of water shelter pressure gage. 

b. A 0-2 in. of water protective entrance pressure gage. 

c. An "off "on" switch and indicator light for the CBR filter unit. 

Included In Figure 43 is the connector panel for the control cable receptacles 

and static pressure sensing line connectors.   The connector panel contains two 

control cable receptacles — one for the booster blower unit and one for the CBR 

filter unit.   It also contains two static pressure connectors — one to sense pro- 
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tective entrance pressure and one to sense outside ambient pressure.   The control 

panel should be located as close as possible to the air conditioner control panel 

in each shelter.   The control and connector panel will weigh approximately 3 lb. 

6.4    SHELTER MODIFICATIONS 

Some shelter modifications have been discussed in connection with the selected 

CBR components.   Others have been suggested or indicated.   All the modifications 

that must be made in each shelter to incorporate CBR protection are tabulated 

and summarized in this paragraph.   Modifications are listed as follows: 

a. Design and install protective entrance coupling fasteners and adapters. 

b. Design and install attachment for protective entrance support beam. 

c. Provide port In shelter wall for anti-backdraft valve. 

d. Install control panel In shelter and connector panel in shelter wall. 

e. Remove flapper valve and/or louvers from shelter doors and seal 

openings. 
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SECTION 7 CONCLUSIONS 

CBR protection components have been selected for the various AN/TSQ-47 

system shelters based on the requirement for Category A protection, and a 

shelter system analysis to determine component performance requirements. 

Category A protection requires for each shelter system a CBR filter unit, shelter 

system pressurization, a protective entrance, an anti-backdraft valve, and re- 

mote controls.   Standard Chemical Corps components with capacities in the 

required range were found to be available.   The shelter system analysis, which 

is based on assumed air conditioner and shelter leakage characteristics and 

shelter recirculating air pressure loss characteristics, show that when the 

shelter system is pressurized, a booster blower is required in the shelter re- 

circulation system to reduce shelter static pressure to an acceptable value for 

ease of entrance. 

Standard CBR protection components selected for the AN/TSQ-47 system 

shelters are: 

a. E46R7 filter unit. 

b. Q38 protective entrance (short). 

c. E31 anti-backdraft valve. 

Each of these components will require some modifications, as described 

in Paragraph 6.3, to meet performance requirements.   Procurement descriptions 

and drawings for these units can be obtained from the Chemical Corps.   The 

booster blower unit and control panel, also described in Paragraph 6. 3, are 

required to incorporate the selected components.   Detailed modification designs 

could not be made because final shelter drawings were not available.   Size, 
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weight, and power requirements of the selected components are shown in 

Table VIII.   Performance requirements of the booster blower and E46R7 unit 

are based on assumptions that are considered to be within 10% of actual values. 

Tests described in Paragraph 6. 2 should be conducted to verify the assumptions. 
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Table VIII.   Selected CBR Protection Components 
for AN/TSQ-47 System Shelters 

Power 
Dimensions Weight Required 

Component (in.) (lb.) (kw) 

E46R7 Filter Unit (Modified 40 x 24 x 16 160 0.746 

Q38 Protective Entrance (short) (10 cu. ft. folded up) 79 - 

Booster Blower Unit 14.6x23.5x32.9 46 1.9 

E31 Anti-Backdraft Valve 9.3 x 8.5 x 3.4 15 - 

Control & Connector Panel 19 x 10. 5 x 4.3 3 

MISCELLANEOUS 

One 15-ft. section of 4-in flexible ducting per filter unit. 

One 10-ft. section of 4-in. flexible ducting per filter unit. 

One 20-ft. section of power cable per filter unit. 

One 6-ft. section of 10-in. flexible ducting per booster blower unit. 

One 10-ft. section of 10-in. flexible ducting per booster blower unit. 

One 20-ft. section of power cable per booster blower unit. 

One 20-ft. section of remote control cable per booster blower unit. 
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SECTION 8 RECOMMENDATIONS 

It is recommended that the results of this investigation be used to define the 

contract for the final design, testing and procurement of CBR protection com- 

ponents for AN/TSQ-47 system shelters.   Detail recommendations for final CBR 

protection system design are: 

a. Test each shelter as described in Paragraph 6. 2.1. 

b. Using test results, analyze each shelter system as required to define 

CBR filter unit and booster blower unit size. 

c. Procure final CBR protection component and shelter drawings and define 

required modifications in detail. 

d. Purchase prototype components and conduct performance tests of 

complete shelter systems. 
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APPENDIX SHELTER SYSTEM ANALYSIS 







SECTION 1 INTRODUCTION 

Each of the six shelter systems that make up the AN/TSQ-47 system has been 

analyzed to determine shelter temperatures and pressures with makeup aii from 

a CBR filter unit and with and without a booster blower added to reduce shelter 

pressure.   This appendix contains the details of these analyses. 

81 





SECTION 2 TERMINOLOGY 

2. 1    SYMBOLS 

A = Area (sq. ft.) 

B = Blower power (kw) 

c = Specific heat of air = 0.24 BTU/lb. (°F) 

f = Function 

h = Heat transfer coefficient (BTU/hr. , sq. ft. , ° F) 

hp = Horsepower 

k = Thermal conductivity (BTU/hr. , sq. ft. , °F/ft.) 

P - Pressure (in. Hg. A) 

p = Pressure, in. HO gage = (P - P ) (13.59) 

AP = Pressure differential (in. HO) 

Q - Heat flow (BTU/hr.) 

T = Temperature (°F and/or °R) 

AT = Temperature differential (° F or °R) 

U = Over-all heat transfer coefficient (BTU/hr., sq. ft. , ° F) 

W = Airflow (lb./hr.) 

w = Airflow (lb./min.) 

x = Insulation thickness (in.) 
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2.2    SUBSCRIPTS 

Subscripts are identified from Figures 1 and 8 as follows: 

A = Ambient 

AC • Air conditioner 

B = Blower 

BF = Booster fan 

C = Heat transmitted through shelter walls 

CBR = CBR filter unit 

Dl = Inlet duct 

D2 = Outlet duct 

D3 = Duct supplying CBR filter unit air to air conditioner 

D4 = Duct supplying CBR filter unit air to protective entrance 

M = Mean or average 

SH = Shelter 

T = Total 

1 - Recirculating air out of air conditioner 

2 = Recirculating air into shelter 

3 = Recirculating air out of shelter 

4 = Recirculating air into air conditioner 

5 = Fresh or filter unit air into air conditioner 

6 = Air conditions entering air conditioner filter 

7 = Air condions at entrance to recirculating fan 

8 = Air conditions in outlet plenum of filter unit 

9 = Air conditions at filter air duct inlet 

10 = Air conditions at entrance duct inlet 

11 = Air conditions at inlet to electrical equipment in shelter 

12 = Air conditions at shelter recirculating air outlet 

13 = Air conditions at inlet to protective entrance 
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SECTION 3 ASSUMPTIONS 

a. Shelter leakage Is assumed equal to 25 cfm when the static pressure 

Inside the shelter Is equal to 1 In. HO gage. 

b. Air-conditioner leakage is assumed equal to 40 cfm when the static pres- 

sure at the inlet to the recirculating fan is equal to 0. 3 in. HO gage. 

c. The recirculating airflow path through the shelter is assumed to be 

from inlet to shelter space to electronic equipment to outlet. 

d. The pressure drop from the shelter recirculating air inlet to outlet is 

assumed equal to 1 in. of water with a recirculating airflow of 110 lb. /min. 

for the one-air-conditioner shelters and equal to 1 in. of water with a 

recirculating airflow at 220 lb. /min. for the two-air-conditioner shelters. 

e. The shelter temperature is assumed to be equal to the average of the 

recirculating air temperature at the inlet to the shelter and the inlet 

to the electrical equipment. 
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SECTION 4 PRELIMINARY CALCULATIONS 

4. 1    SHELTER WALL HEAT TRANSMISSION 

The 1963 ASHRAE Guide and Data Book (Reference 7) was used to determine an 

average shelter wall heat transmission coefficient at 125° F day conditions, as 

follows: 

4.1.1    ASSUMED CONDITIONS — Conditions are assumed similar to analysis 

supplied by ESD to utilize the methods and tables in Chapter 26 of Reference 7. 

Typical ambient and shelter conditions are assumed as follows: 

Time: 

Location: 

Wind: 

Outside temperature: 

Shelter temperature: 

Shelter orientation. 

2:00 PM,  1 August. 

40° N Latitude. 

7 1/2 mph, southwest. 

T.   •  125° F. 

T .   - 85° F. 
sh 
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4.1.2    EQUIVALENT TEMPERATURE DIFFERENTIALS - Equivalent temper- 

ature differentials are tabulated in Reference 7 for various roof and wall con- 

structions.   Equivalent temperature differentials are selected for the typical 

AN/TSQ-47 shelters based on the assumed conditions as follows: 

Top   —   From Table 8, for light construction roof exposed to sun at 2 PM. 

AT      =   fi2° V 
Bottom  —  Since in Shade, use T 

AT     = 0 °F. 

Walls   —   From Table 9, for dark walls at 2:00 PM: 

- N.W. Wall AT     „,   =   12° F 
N. W. 

- S.E. Wall AT =   24° F 
S.E. 

- N.E. Wall AT     _    = 12° F 
N.E. 

-S.W. Wall AT = 26° F 

Since the above equivalent temperature differentials are for an outdoor maximum 

minus room temperature differential of 15°, they must be corrected for assumed 

shelter outdoor maximum   minus shelter temperature differential as follows: 

ATC • ATSA   " 15   "   <TA " TSH> " 15 

= (125 - 85) - 15 = 25 

The correct equivalent temperature differentials are: 

Top - T    = 62 + 25 = 87° F 

Top in shade    -T      = 12 + 25 = 37° F 
O 1 

Bottom -T_   =   0 + 25 = 25° F 
B 

N.W. Wall        -T T _.   =  12+  25= 37° F 
N.W. 

S.E. Wall -T_ _    =24+25= 49° F 
S. hi. 

N.E. Wall        -T = 12+ 25= 37° F 
N. Jii. 

S.W. Wall -T    ...   =26+25= 51° F 
S.W. 
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It should be noted that these equivalent temperature differentials include 

the effect of solar radiation. 

4.1. 3    SHELTER INSIDE SURFACE AREAS 

4.1. 3.1    AN/TPS-35, AN/TPN-14, AN/TSC-23 Shelters - The inside dimen- 

sions of the AN/TPS-34, AN/TPN-14, and the AN/TSC-23 shelter are: 

Length - 11. 2 ft. 

Width -6.32 ft. 

Height     — 6.12 ft. 

Inside surface areas then are: 

Top A,^ = (11. 2) (6.32) = 70.78 ft.2 

Bottom A„ = (11.2)(6.32) = 70.78 ft.2 

B 

N.W. Wall AXT „,   = (11.2)(6.12) = 68.54 ft.2 

N.W. 

S.E. Wall A^ = (11.2)(6.12) = 68.54 ft.2 

N.E. Wall AXT ^    = (6.12)(6.32) = 38.68 ft.2 

N.E. 

S.W. Wall Ag w   =   (6.12)(6.32) = 38.68 ft.2 

OT 
Total A-  356.00 ft 

4.1.3.2   AN/TRN-17 Shelter - The inside dimensions of the AN/TRN-17 

shelter are: 

Top 

Bottom 

Length 8 ft. 

Width 6.33 ft. 

Height 6.33 ft. 

as then are: 

AT 
(8)(6. 33) = 50.64 ft.2 

AB 
(8) (6. 33) = 50. 64 ft. 2 
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Vw. = (8)(6.33) = 50.64 ft. 

VE. 
= (8) (6. 33) = 50.64 ft.2 

AN.E. 
B (6.33)(6.33) = 40.07 ft.2 

Vw. = (6.33)(6.33) = 40.07 ft.2 

N'OT 
= 282.70 ft.2 

N.W. Wall 

S.E. Wall 

N.E. Wall 

S.W. Wall 

Total 

4.1.3.3    AN/TSW-5  Inside Dimensions 

Main Shelter   - L - 175", W - 89.50", H - 76.25" 

Each Extension - L - 123", W - 37.25", H - 66.75" 

Inside Surface Areas 

Top-A = (14.58)(7.46+ (10. 25) (3.10) (2) = 172. 32 ft. 

2 
Bottom A_    = (14.58)(7.46 + (10. 25) (3.10) (2) = 172.32ft. 

B 

N.W. Wall   =  (14.58)(6.35) - .208 (5.56)(2) +  10.557 =    88.04 ft. 

S.E. Wall    = (14.58)(6.35) - .208 (5.56)(2)+ 10.557 =    88.04 ft. 

N.E. Wall        = (7.46)(6.35) +  2(3.10)(5.56) =    81.84ft.2 

S.W. Wall        =  (7.46)(6.35) +  2(3. 10)(5.56) =    81.84 ft. 
2 

Total Area 684.40 ft. 

4. 1. 3.4    AN/TSW-6 Inside Surface Areas (From RCA Drawing 49671E 
1734208, Sheets 4 and 7). 

Top - L =  11. 17 ft. W= 6.3 ft. A     =  (11. 17)(6.3) = 70.37 ft. 

Shelf Top    = A       = (8125)(2)(11. 17 + 4.72) = 25.82 ft. 

Bottom Ag * (11. 17)(6.3) = 70.37 ft.2 

N.W. Wall Solid Aj^g - (11.17(3.3) = 36.86 ft.2 

Glass AGNW = (2.83)(10.53) - 29.80 ft.2 
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ASSE = (11.17)(3.3) =    36.86 ft.2 

AGSE = (2.83)(10.53) =    29.80 ft.2 

ASNE = (6.3)(3.3) =    20.79ft.2 

AGNE = (2.83)(5.69) =     16.10 ft.2 

Assw = (6.3)(3.3) =    20.79ft.2 

AGSW = (2.83)(5.69) =     16. 10 ft. 

=  281.86 ft.2 

-    91.80 ft. 

= 373.66 ft.2 

S.E. Wall  Solid 

Glass 

N.E. Wall Solid 

Glass 

S.W. Wall Solid 

Glass 

Total Solid Area 

Total Glass Area 

Total Area 

4.1.4    HEAT TRANSMISSION COEFFICIENTS - Shelter structure heat trans- 

mission coefficient is 

1 
U = 

1 1 x 
h    +   h"   +  k 

o i 

For the typical Craig Shelter: 

k/x  =   0.35    (From Mr. Watt). 

From Reference 1: 

h    =  4.0. 
o 

From K. Kummerlow (AiResearch) calculations: 

Then 

h   =   2.0. 

2 
U =  ~ : —     = 0. 28 BTU/hr. ft.    ° F 

4 + 2 +    0.35 

An average heat trnasmission coefficient is required to determine shelter tem- 

peratures with the added CBR components, and is calculated for each shelter. 
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4.1.4.1    AN/TPS-35, TPN-14, and TSC-23 Shelters 

walls at assumed condition is: 

Q    =   2 (UAAT    for each wall) 

- %VTc 

Then for AN/TPS-35, TPN-14, and TSC-23 Shelters 

— Shelter heat gain through 

Top - UATATT = (0.28) (70. 78) (87) 

Bottom " UABATB 
= (0.28)(70.78)(25) 

N.W. Wall " UANWATNW 
= (68. 54)(37) 

S.E. Wall " UASEATSE 
= (68. 54)(49) 

N.E. Wall - UANEATNE 
= (38. 68) (37) 

S.W. Wall -UAswATsw 
= (38.68)(51) 

TOTAL OR Qn 
= 

= 1,724.20 BTU/hr. 

=      495.46 BTU/hr. 

710.07 BTU/hr. 

940. 37 BTU/hr. 

400.72 BTU/hr. 

552. 34 BTU/hr. 

- 4,823.17 BTU/hr. 

UM=VATATC 

=   4,823.17/(356)(125-85)= 4,823.17/14,240 

=   0.339 BTU/hr. , ft.2, °F 

UMA =   (0.339)(356)= 120. 7 BTU/hr. , °F 

4. 1.4. 2    AW/TSW-5 and AN/TRN-17 Shelter - Assume U     = 0. 339 BTU/hr. 
2 M 

ft.   ,    F since shelter construction is similar then for 

AN/TSW-5 UMA = (0.339)(684. 4) = 232 BTU/hr. , °F 

AN/TRN-17 UMA = (0. 339)(282. 7) = 95.83 BTU/hr. , °F 

4.1.4. 3    AN/TSW-6 Shelter — This shelter contains window surface which 

must be considered in determining a mean wall heat transfer coefficient.   From 

Chapter 26, Reference 7, the total heat transfer through window glass is defined 

as: 
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q/A=S(FDID+   FdId) + U(to-tt) 

where 

2 
q/A = Instantaneous rate of heat transfer, BTU/(hr.)(ft.) . 

S = Shading coefficient for fenestratlon being considered. 

F   , F   = Ratio of solar heat gain to the Incident direct and 

diffuse solar radiation, respectively, dimensionless. 

I   , I, =  Incident direct and diffuse solar energy respectively, 

BTU/(hr.)(ft.)2. 

2 
U= Over-all coefficient of heat transmission, BTU/(hr.)(ft.) (°F). 

t , t   =  Outdoor and indoor air temperature, respectively, °F. 

Solar heat gain factors that represent the (F  I  ) term in the preceedlng equation 

are tabulated in Reference 7 for single unshaded double-strength (1/8 In.) sheet 

glass.   Shading coefficients also are tabulated and Included correction for glass 

thickness and type.   From Table 18, Chapter 26, Reference 7, the heat trans- 

mission coefficient for any single glass with 7 1/2 mph wind is: U = 1. 06 no 

shading. 

Solar heat gain factors are interpolated from Tables 12 and 13, Chapter 26, 

Reference 7, for the assumed conditions as follows: 

Table 12 
July 21 

Table 13 
August 21 

August 
1 

N.W. Wall 36 23 31 

S.E. Wall 205 195 20 

N.E. Wall 205 195 20 

S.W. Wall 140 172 151 

The shading factor for 1/2 in. plate glass In sun and in shade is 

S = 0.88 from Table 19, Chapter 26, Reference 7. 
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Then q/A values are:   using. 

q/A • S (Solar Heat Gain Factor) + U (t    - t). 

N.W. Wall (q/A) __,       - 0.88(31) +  1.06 (40) = 69.68 BTU/(hr.)(ft.)2 

S.E. Wall (q/A) or, = 0.88(20) + 1.06 (40) = 60.00 BTU/(hr.)(ft.)2 

sis 

N.E. Wall (a/A) .._ = 0.88(20) + 1.06 (40) =   60. 00 BTU/(hr.)(ft.)2 

£SlL 
t 

S.W. Wall (q/A) =0.88(172)+   1.06(40)        = 193.76 BTU/(hr.)(ft.)' 

For AN/TSW-6 Shelter the total shelter wall heat transmission is 

Top 

Shelf 

Bottom 

N.W. Wall 
Solid 

UA.J.AT, 

JAs'-s UA_ AT, 

UAgZ! 

UA_„. 

B 

!NWA* 

- (0.28) (70. 37)(87) = 1,714.21 BTU/hr. 

• (0.28)(25. 82)(37) =     267. 50 BTU/hr. 

= (0.28)(70.37)(25) =     492. 59 BTU/hr. 

= (0.28)(36.86)(37) =     381. 87 BTU/hr. 

N.W. Wall 
Glass 

AGNW(q/A)NW 
= (29.80(96.68) = 2,076.46 BTU/hr. 

S.E. Wall 
Solid 

UA___AT 
SSE     SE 

= (0.28)(36. 86)(49) 505.72 BTU/hr. 

S.E. Wall 
Glass 

AGSE <q/A> 
SE 

= (29.80) (60) = 1,788.00 BTU/hr. 

N.E. Wall 
Solid 

UASNEATNE 
= (0.28)(20. 79)(37) 215.38 BTU/hr. 

N.E. Wall 
Glass 

AGNE (a/A)NE 
= (16.10) (60) 966.00 BTU/hr. 

94 



S.W.Wall UAgswAT =   (. 28)(20.79)(51)       =      296.88 BTU/hr. 
Solid 

S.W.Wall AQSW(q/A)SW =    193.76(16.10) = 3,119.54 BTU/hr. 
Glass 

Qc =11,824.15 BTU/hr. 

M      c ^r     c 

= 11,824.15/373.66(40)= 0.791 BTU(hr. )(ft. )2 (° F) 

UMAT=296 

4.2    DUCT WALL HEAT TRANSMISSION 

From AiResearch notes supplied by ESD, heat transmission through the walls 

of the flexible ducting (10 in. diameter, 20 ft. long, with 1/2-in. fiberglass 

insulation) is calculated as follows: 

U = 
1        1        x 
h   +   h. +  k 

o 1 

- =   (0.20)(12)/0.5 =   0.72 BTU/hr., ft.2°F 

2 
h    = 4 BTU/hr. , ft.   °F. from design condition 

o ° 
2 

h    = 7.2 BTU/hr. , ft.   ° F (determined by Nusselt correlation) 

then 

U 
±+^-_     +       X 
4      7.2 0.72 

2 
=   0.563 BTU/hr. , ft.    , °F 
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Duct wall area A    =  20(10T  )/12 =  52 ft. 2 

UA=   (52)(.563)  -   29.25 BTU/hr. , °F 

4.3 HEAT LOADS 

4.3.1 PERSONNEL HEAT LOAD - From AiResearch notes supplied by ESD, 

the heat load per person is: 

QT =     450 BTU/hr. 
Latent 

Qc       ...      =     150 BTU/hr. 
Sensible  '  

Q_  .  . =     600 BTU/hr. 
Total 

4.3.2 ELECTRICAL LOADS — From notes supplied by ESD, the electrical 

heat load in each shelter is tabulated in Table V. 

4.4 PRESSURE LOSS CHARACTERISTICS 

4.4.1 FLEXIBLE AIR DUCTING — Pressure loss characteristics of the 20-ft. 

sections of 10-in. diameter insulated flexible air ducting are calculated in Table 

VI based on the assumption that the latest ducting has 70% of the loss shown in 

Figure AAC-4364-C1 in Reference 5.    This assumption was obtained from Mr. 

K. Kummerlow of AiResearch,  Phoenix, Arizona.   The resulting loss character- 

istics are shown in Figure 7.   Table VI includes combined characteristics of 

ducting and shelter. 

4.4.2 SHELTER LOSS CHARACTERISTIC - From Assumption d, the coefficient 

for the pressure drop from the shelter recirculating air inlet to outlet is calcu- 

lated as follows: 

96 



Using the basic equation 

a A P =   KW 

Where a        =    17.32 P,  /T 
in    in 

P.      =    Inlet pressure, in. Hg. A 
in 

T       =    Inlet temperature, °R (°F + 460) 

A P   =     Pressure drop, in. HO 

2 
K       =     Loss coefficient, in.  H O/ (lb. /min.) 

W      =     Airflow, lb. /min. 

Then from Assumption d 

KSh   •     *1 a PSH/W12 

a 1 A PSh   =     1. 00 in. HO 

W      =     110 lb. /min. 

KL.      =     1.00/(110)   =   0.0000826 in. HO/(lb./min.)2 

Sn 2 

For the shelters with one air conditioner 

2 2 
Kot_   =     1.00(220)    =   0.0000207 in. HO(lb./min.) 

Sn 2 

for the shelters with two air conditioners. 

4. 4. 3    SHELTER LEAKAGE — Shelter leakage loss coefficient can be calculated 

from Assumption a as follows: 

KSL   =     *ShAPSL/WSL2 

where 

CTsh=   17-32Psh/Tsh 
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SL =   (Pgh - PA) 13.59, in. H^ 

WSL     =   PSh CFMSL' lb'/min- 

then from Assumption a. 

°Sh A    SL =    1. 00 in. HO 
2    3 

PSh    =    0.0765 lb./ft.   , standard density 

WSL =    °- °765 (25) = lm 91 lb- /min- 

KgL  =    1.00/(1. 91)2 = 0.2734 in. HgO/(lb./min.)2. 

4.4.4 AIR CONDITIONER LEAKAGE - The air conditioner leakage loss co- 

efficient can be calculated from Assumption b as follows: 

KACL        "   "7PACL/ACL2 

ACL =   p    CFM 

=   0. 9765 (40) = 3.06 lb./min. 

VACL    =   °'31n-  H2° 
KACL        =   °-3/(306)2= 0.03204 in.  H20/(lb./min.)2. 

4.4.5 AIR CONDITIONER EVAPORATOR LOSS - From Reference 5, the basic 

rating of the recirculating fan in the air conditioner is 1, 350 cfm at 2.45 in. 
3 

HO pressure rise with an inlet density of 0.0765 lb. /ft.   .   From this basic 

rating the mass flow is 

WA„ =    (1350)(.0765) =   103. 275 lb./min. 
AC 

Also from Reference 5 the pressure rise available external to the air conditioner 

at the above flow is 

AP        =   0.9 in. HO. 
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The air conditioner internal pressure loss due to the filter, evaporator, heater 

coils, and inlet plenum then is 

A P        =   2.45 - PA_ 
ev AC 

=   2.45 - 0.90 = 1.55 in. HO 

The loss coefficient based on the fan inlet pressure then is 

K        =    u„ A P    /W. _2 

ev 7        ev     AC 

a        =   1. 00 from recirculating fan rating 

K      =     (1) (1.55)7(103.275)' 

=    0.0001453 in. H20/(lb./min.). 

4. 5    AIR CONDITIONER PERFORMANCE 

Pressure rise characteristics of the air conditioner (a   AP   _ vs. W     ) are 

calculated in Table rv based on outlet conditions, and the Reference 5 external 

pressure rise (AP     ) variation with flow rate.   Table IV includes the cooling 

capacity variation with flow rate.   The calculated pressure rise characteristic 

is shown In Figure 5.   Cooling capacity variation is shown in Figure 6. 

4. 6    E46R7 FILTER UNIT HEAT LOAD 

From Table I, the E46R7 filter unit has a 300-cfm capacity delivered by a 

. 523-kw blower. 

then 

Inlet Density 

QCBR     =   3413<-523)       1.785 BTU/hr. 

=   1.325 PA/(TA + 460) 
A      A 

=    1.325 (29. 92)/585 

-   0.0677 lb./ft.3 
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and 

W•>T,     • (300)(0.0677) = 20.31 lb. /min. 

= 1,218.60 lb. /hr. 

T = T    + Q        /cp W 
5 A     ^CBR'   y      CBR 

=   125+ 1,485/(.24)(1,218.6) 

=   125+ 6.10 *= 131.1 °F 
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SECTION 5 SHELTER SYSTEM ANALYSIS 

Recirculation system temperatures and pressures are determined for each of 

the six AN/TSQ-47 shelters with CBR protection provided by the E46R7 filter 

unit as shown in the Figure 1 schematic and with a booster blower and the 

E46R7 filter unit connected as shown in Figure 8.   Since the calculation procedure 

required a tedious iteration process, a Simple Numerical Analysis Program 

(SNAP) for the IBM 1620 computer, and the IBM 1620 computer was used to 

perform the calculations.   Primary input data is tabulated in Table VII from 

the preceeding calculations.   This section defines the analysis and tabulates 

the results. 

5. 1 ANALYTICAL PROCEDURE AND EQUATIONS 

The general analytical procedure consists of assuming temperature, pressure, 

and flow at one point in the recirculation system, using the assumed values to 

calculate temperatures and pressures around the recirculation loop to and In- 

cluding the starting point.   Then, assumed and calculated values are computed 

assumptions are re-estimated and calculations are repeated until assumed and 

calculated values are equal. 

Equations and procedure based on Figure 1 are listed as follows: 

Step 1.   Assume T     =  Ambient Temp. °R 
A. 

P    =  Ambient Pressure, In. Hg. A. 
A. 

P    =  Pressure at inlet to recirculating fan, In. Hg. A. 
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=   P    + 0.3/13.59(mln. press. In. system 

0. 3 in. HO G) 
m 

W     '   =   Total recirculating airflow, lb./mln. 

T  '       =   Temp, at inlet to recirculating fan., °R 

Step 2.   Calculate, P , T , W , and W as follows 
111 ACL 

a =   17.32P/T 

a7APEV      =   KEV(WAc'>   ' in' H2° 

APEV       =    CT7APEV/a7'  m' H2° 

P6 =   P?+   APEV/13.59, in. Hg. A. 

AtW     ' in Figure 5    reader APin, in. HO 
AC 1      AC 2 

T,     =       T?
+ VCPWAC'°R 

Assume 

then 

APAC'm-H20 

Pg + APAC' /13.59, in. Hg. A. 

17.32 P-/T 

APAC =       fflAPAC/ai 

If (APAC   -APAC)--001is + assume 

new AP        and repeat 
AC/ 

APACL=(P7-PA)13-59-lnH20 

WACL   ==<"7APACL/KACL>'5'lb-/mta- 

Wl -WAc'-WACL'lb/,nln- 
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Step 3.   Calculate T , and P   as follows 

Q Dl UD1 *D1 (TA " Tl)' BTU/mln- 

Tl + QDl/CpWl> °R 

then 

From figure 7 at W   read a AP    ,, In. HO 

AP a- AP    /a 
Dl   =  1      Dl    1 

P2=P1  -AP
D1/

13-59'  in- Hg. A 

Step 4. CalcutoteT11,P3, Tsh. P^, Wgh 

11 <°pWl " °' 5 USh ASh» T2 +   USh ASh TA + % 'W •50ushAsh> 
0"„   - 2 =  17.32 P2/T2 

VPSh        =  KSh (W1>   ' ta" H2° 
APSh =   WV in- H2° 

=   P„ -APC,/13.59, in. Hg. A 
u Oil 

"Sh 

JSh 

=   0.5 (T2 +   Tn), °R 

PSh =   °'5 (P2 +   V' ln' Hg' A" 

= 17'32psh/Tsh 

APSL =   13.59 (Psh-PA), in. H20 

WSL =   ^ShAPSh/KSh)'5'lb-/mln- 
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Step 5.   Calculate T„, 

W3     =   Wl " WSL* lb-/mln' 

T3      =   Tll +   QE/CpW3' °R 

Step 6.   CalculateT., P , T 
4'    4      6 

QD2   =   UD2AD2(TA-T3)'BTU/mln- 

T4    =   T3+   VCpW3'°R 

from Figure 7 at W„ read ffAP„n, In. HO 6 3 3     D2 2 

a3       =    17.32 P3/T3 

AP•   • aoAP•/CTo>  in-  HnO D2 3     D2    3 2 

P4    = P3 -APD2/13.59, In. Hg. A 

P      = P   = P 
4 6        5 

WCBR     "   WACL+WSL'lb-/mln' 

T6      =   <"lT4 +  WCBRT5)/WAC''°R 

Step 7.   Calculate T? WAC 

From Figure 6 at WA   ' read QA _, BTU/mln. 
AC AC 

Then QEy  =   QAC +  Qf, BTU/mln. 

and T        =   T    - Q     /c    W 
7 6     *EV    p     AC 

if (T    -T')  -1.00 is+ set 
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T '    =   . 5 (T    + T ') and repeat Steps 2 through 7 

AP       =   AP      + AP    + AP     , In. H O 
AC DL SH D2' 2 

From Figure 5, at a ..AP      read W     , lb. /mln. 
1      AC- Au 

lf (WAC " WAC'> " L °° iS + 86t WAC'   =   °« 5 ^AC      WAC'> 

and repeat Steps 2 through 7. 

Equations and procedures based on Figure 8 are: 

Steps 1 through 4 are same as above.   Step 5. Calculate T     & T 

W3 - Wj - WgL, lb. /mln. 

Ti2=Tn +Vcpw3''R 

W
CBR'WAC+WSL'lb-/min- 

T3  " ^3 T12 + WCBR T5>/WAC (WAC "  W3 + WCBR> 

Step 6.   Calculate T     , P„. 
3A      3A 

Assume AP       in. HO 
Bf 2 

then P        =   P   + AP   713.59, in. Hg. A 
*> A o Hi 

QBf     •   KBfWA.,AV's'FTU/klB- 

CFMBf    "   WAC,/P3 

T3A     "   T3+VCPWAC'''R 

Step 7.   Calculate 1\, Pa 6      6 

QD2   "   UD2<TA-T3A)'BTU/ml°- 

T6     "   T3A+QD2/cpWAc'''R 
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From Figure 7 at WA   » read <r0 . AP__, in. H00 
AC JA      \JC I 

cr        =    17.32 P/T 
3A 3A     3A 

APD2     =   V^WM' 
to- H2° 

P6      "   P4=P3A-APD2
/13-59 

Step 8.   Calculate T   and W 
7 A.L/ 

From Figure 6 at WA   ' read Q     . BTU/min. 
AC AC 

then QEV  =   QAC+ Qf, BTU/min. 

T        =   T    - Q     /c W     ' 
7 6      TV   p   AC 

if (T? - T ')- 1.00 is + 

set TJ   = .5 (T  +  T ') and repeat 
7 7        7 

Steps 2 through 8. 

APA    =AP^„  +  APOL  - P_. + AP^n>  in.  HO 
AC Dl Sh        Bf D2 2 

From Figure 5 at a AP      read W    , lb./min. 
1      AC AC 

Then if (W       - W     ') -1.00 is+ set 
A.O AC- 

W     '     =0.5 (W       + W     ' ) and repeat Steps 2 through 8. 
A.O AC A.O 
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5.2    COMPUTER PROGRAM 

Step by step instructions of the computer program are listed on the following 

pages.   Each line or column represents an IBM card punched as shown by the 

numbers to the left of the instruction.   Included is the program modification 

for the two-air-conditioner shelters. 
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<5A/4/>  FR06KAM rOR CQR 
PRQCJ.COL. NO. OPUL. T-MTK. Co/-.  A/o. Co/.. */<J. COL, A/O, 

'   2   3   4 x x x  S x   x   x  12 X    X    X  Ho v  *  x'20 INSTRUCTION 

1 
1 4 L.OAD  CONZTA^JT- 

.   5 0 •' as" 
2 .    4 LOAD CONST-ANT 

/   7   .   3 2 H>IZ 
i • 4 . L&AD   CctJJ-ntiNT- 

/   3   ,    5" 9 12.59 

4 4 . LOAD PA 

2  9,9 2 FA = 29-9 Z. 
5" 4 L-O/^D    P7  or P3 

2   9-9 4 Z 1 p7 or r3 

<£ 4 /-CAD     <*% 

.076, 5* Po ~  <<376iT 
7 4 LcAD   Of 

fO.9 2 Qt = SO.^Z BTU/MiW, 

g * 
• 

LOAD cp 

,    Z 4 Cf>-.Z4- 
9 4 LoAD    £Jz> 4j? 

.    * <?  7 i~. U*/>£>=.+g7S~ 

/   <9 4 L-OAD ~r*r 

6 9 /    > / Ts- = S9/. 1 ** 
1   / 4- LOAD   Tfi 

&sr s . 0 y^^ e&£*'R 

J z * L-CA\P    /iP-Toi-, 
,     0   0 ± AF-ioLt =, ooj- 

I Z 4^ • 
* 

JLOAD QziCond.. . 

,    O   1    1 ?  3 Qsf Cbntfant -.OJJ^S 
J   4- 4- LCA£>    7}y'^c-7tf L- 

/   ,    C  <9 7^^£jae-7oL - A 60 
J   5- *• /-on 0  Oe 

3 9 6, y o Qt - S96. /o £r<y/M, *r4 

/  4, 4- LCA 0  C/JJ, /)SA 

Z   ,   0 ) i    7 &/>&* = 2 •0H7&TU/M,ri./f 
/ 7 4 LOAX> ,5" OshAth 

/ , o o £T <sr if ,<5l)sAAsh -/.dor^r ' 

J 8 4 LOAD  cVr 
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1   Z   3  4 * x  *  8 x x  x va * *   x /4 x   x  > '2.0 -Z~A/.S r-^^i TiOfiJ 

/ o . o Qp = IO.0 &TU/MifiS. 

1 9 4- LOAD K^h 
.000 0 & Z7 Ks^.oovogzi 

z o 4 LOAZ> KACL, 

.    0 3   Z 0 4 K4CL-.03ZW 

Z   1 4 L&AD   k6V 

.ooo / 4 £*J K&V -, 000j4^3 
2  2 4 LOAD Ksi, 

.273 4 KSL ~ • 27J4 
Z  3 4 LOAD  UshAshlA 

1   1 "i u . 8 4 UshAihTfi - n7fe.S4BTi)/A7'A/ 

Z 4 5 >?<?/)D JAMPOT DATR CARD-UJA'C 

2 5 5" '1                II            II          ,l~—   l-J 

Tastes 

P 2> (5 8* 

1 

&o TO Pzos-, COL., zo? 2  & 

2   7 / <LoHD6Jpc *S OJAFACTAEHC^'     ^ 
Z   X / // </ ,/  Qftc ,i CF&,  y 
2  9 / II   OT^ftc VS U>AC     M     Cfl'4,— ~J 

"Tgw/f / /3?«5. £4/: CUJ-AT/6M -^b <y T-/A/^   / ̂ CLLO^S 

3 O 5"i 3 O 5" SST. H&.&L.'Sb* P7=29S+Z 

3   / 5-  4 2 0 2 I7.3Z F-j 

5 2 
•* 

5"  5" 7  J '     ^ 5" a-, - iZSaFy/Tr' 
3 3 •r 4 2   f Z   4" fait 
J ^ r* J 3 2   / VyAP€v=(tiA'c?KeV 

J  5" 5"  * 34 •      3 2 2±P£Y=c^Af2v/cj 

J 6 ^ 5 3 5 3 <&P6v/lZ.S9 

3  7 5" 2 3 6 3 0 P6 = P7 + AF6v//3S9 
3 ^ y o 2 4 2 <31&PACJ$^.'nhki a"f (Joe. 

5 ^ 5 4 2 4 5- Cp cd*c 
4 £ 5 S 7 • 3  9 Qf/CpOJAC 

-/ / 5 Z. 2  5" 4  O . T;=-r;'-t-QF/cruJAc 

4  2 6T / 4 Z 3 9 
f                       * 

4 3 £• £ 4 2 3 ^pfiL/iz.^ 
4* 5" 2 4 3 3 7 <f3.-P(i>+Ar^/l3S'5 

4  5" *f 4-4 Z nszpj. 
109 



1  Z 3  4 x x x g* y x x /z X   X    *   Id y  x *'2o JZTrJST^UC-r/Ohi 

4  6 5  *T 4 5" 4  1 or = n.szp^/xi 
4  7 5-  5" J- * 4 6 AFAc - GjAPfic/cn 
4   £ 5 3 4  2 4   7 AT*l -APAC 

4 9 2 tf 4 F /AP#C-^P#c 1 
.*" o f 5 4 9 7   2 /APAC-APALJ -*00J. 
5- / <? 4" 4 *4 r ^ _Z> £04. SO ,1-orO trai\t.Sfiii 52 

^ 2 5*  / 4  Z 4  7 5e* APAC =^PAC 

fj 9 4 3 (So to Pro&.Ca*-. 4-Z 

iT4 5  3 J   0 4 PT-PA 

5"   5* 5 4 £T 4 3 APfiC^CPy-P^/l.Z? 
* 6 5  4 5" 5T 3 z Oy £?ACL 

* 7 5* 5" f a> ^ O 

CJA C& ~ (cr; A TACK /VAC JJ 6- g 5" £ * 7 ^ 

? 3 Ti 2 4 £• X uJt — 6JAC ~<~J/icij 

6 0 5- 4 5  5> z CpOJj. 

6  / 5 3 1    1 4   / 7^-TT 
<£ Z 5" 4 6,   / 9 QDI = tlai ACMCTZ-TJ} 

6 3 5T i" &  2 £  0 @DJ./tf> tJi 

&* 5- 2 4- / & 3 7£ =  77"/ ^/^^i 
6 ? /   7 ? S /A/ ^J 

6> & /   0 d> r JL Z A/   <STZ A Pl>M 

6 7 /  5- ^ 6 CTX ^Pp^ 

& $ f S £ 7 +•& ^PPJ. = zrZAPpj./crZ- 
& 9 5 5* <£ ? 3 APi>j./i2.<?9 

7 0 5"J ^4 .    S 9 /I =/J-*^/&i/*/J.r^ 
7 * 5-4 7 0 2 /7.JZ Fz. 

7Z 5" 5- v / £ 4 cri = /y.^zPiy-Tz. 
7 5 £ 4- 5 ? 5- ? uJj* 

7-f 5" 4 7 3 /  5> <5T^Psh- ATSA^ 
7 5- $•** 74 V Z <AP*h = <3zAFih/<rz 
7 <6 5 S- 7^ J 2±Psh/i3.r? 
7 7 JT J 7 0 7<£ % =/Z-*PsA/v.<rv 
7 # r 3 5" 7 7 z'-r* 
7 5> 2 * 3 # 3 s 0 Xr 78 — orO trar\». ?3y iff tr^J SC 

S"tf 5*2 so 7 2 /?=«V6»-*> 
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/   z   3  4 x /  \ y xx   y.   IZ x * y /£ x   v   y zo JZA/S TROC r/OM 

2   1 5"  / 3  0 ? o SGT FRO&COL.SO — 80 
8 2 9 3 / Transfer  Tto ^64- CQL.31 

2 3 S 3 5 3 o 
g 4 9 Z o 3 Trans-fes ±c  Coi., 2.02 

' ? r 5" / 30' r Set   Cou. 20   - COL,. £~ 

Z 6 9 3   1 ~Trc m ^ec *to   Cau,3l 

Z 7 2   * 7 2 /*-*/ 

S Z 5  3 3 7 /   2 //S-5/-  06 1 
g 9 £ 9 3 ?J 9 o X"r %% -orO Trans.^ iPitrtofiH 

9 O 5" -2 -7 2 3   0 ^=^V^'-?3) 
9   / 5" / 3 0 9 Q Set CCL. 3o - 90 
9 Z 9 3  1 ~7ranj*/pr ~£o  Ch+. 3/ 

9 3 S3 & O /   7 C/> 6*J*-~- fOs* /)JA 

9 4- <r* 9   3 ^ * 6fCj-Si>ss,Ash) 7t 
9 sr 5" 2 .9 + 2* J fyu), -rSti* AO Tzrdj/, Qstffi 

9  L 5" 2 y r / S" "              -r      >'      +Qr 
9 7 
95 

S 2- 6> £> 

9 6 
/   7 

9 7 
9 9 ? Z 9 2 £* 77, +  TZ 

/   0  0 f + 9 5? M TsA^^Cmrn^ 
/   0   1 5 2 1 o •   7 7 PztT^ 

1   6  Z 5- 4 / o / J Ps* -. S-6H+%D 
1   0 3 54 / O 2. 2 J7.3Z.  Fsh 
)   0 4 rr /  0 3 J   C 0 •• CTA = J7.J7- PS^/T?* 

)   0 ±T 5" 3 J  6   2. 4- rih -pfi 
J  C 6 tr* / a S" 3 A&.= 0§M-%)J3.5'9 
/   0 7 f+ J o & /   C + *7h APO, 

/ o 2 ff / c 7 2 2- 6*>JA- ^^u/k'si* 

/   C 9 * t> /   6 $ J. t^s* -&7hAPn,/Kfd ^ 
/ / 0 r; .rs> I   0   9 CJj -  ^ - tJjL, 

/ /   / ? 4 / / c 2 ^^J 
/ /  z. £-<> / r J /   / » &£ /ty 6Jj 

/   I   3 f 2 ? * /  /  Z 772. -77,1- Qt-ZtylJi 
J   1   f * + 7 7 z 77.33 Ps 
y  > f C / / / r Z  oS &rCct.j/s- ~^Pef 
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/   2   1   + X     X     K     g x   x   * yz X    X x  /<£ x /  /'to J^A/STKUCT/Ofi/ 

/     /    (c S y   y 7 /• / 7 / 5". & Xf- lir-orOpafli. Ittj  if -+Tro*\ ISL 

)   1  7 r 5* j   i 4- y /   3 oi£ = \l-ll?i/T72. 
J   /  2 /   7 1   i o /J*/   CJZ 

1   i   7 /   £> J   t 2 ^ AW*7l Z\?pz. 
/   2   0 /  ^ J   *  9 an Z^FDZ. 

1 z.  1 fi* y z o y /   7 ^fi>i - <yjiZPp2 /oTZ. 

1 2 z 5* J / / y > 3 7^ " 7/~z 

1   2   3 r^ / z z * &e. - tSfi2*i>2. C7Z-7TD 
/   2 4 5 5" J   Z  3 / /   / Qoz /cf AJJ 

1   2  5- f Z /  Z f / / 3 74--77ZJ- &ZX/e/>t>Jj 
y 2 <£ £- + / / o / zr OU>j 7* 

/ 2   7 f z * 2 / O 9 ^ OJcf*~6JfiC* ~? ZJSA, 

y  z * r4 /  z 7 J O ^^^py^ 
/   2 9 r<2 J   Z. 6, / z ? t^S 7# 9~ ZA:*/7^ 
/  3 O rr / Z  J Z 4 7g = (ojj 74 +&Jcse7£)/tJA i 

1  3   1 / ^ 2 f 3 Q/IC    CTASIC: S Jcak-Uf u> -/A uJatj 

I   3 2 ? z / 3 J 7 Qc* - QAC t &t 

/  3  3 5-S /   3   2. 3  S? Qev/cf cJ#t 
/  3 4 *3 / 3 <P / 3 3 7j - 7^ — QY-/^ cJac 
/   3  £* 5-J / 3 4 z r 77-77                                       -» 
/ 3 <£ -a * / 3 £ ir;-r7'j 

/   3  7 JT3 /  3 ^ y * /7^-777-/ ao 
/   3 8 S 7-^3 I * -? / 3 3> T-f in -01O Tart. )4)j ;/+ itari.ll? 

1   3 ? fz / Jf 2 5" '•> *;+--%' 
1   4 6 ^4 y 3 ^ - ^ T;"=.S-S7Z+T;J 
)  4 / r / <? r J 4<3 Set~r/ = r7" 
/   4  2 9 J z 7r"ans.   ~^~o    y Z 

/   4 3 T2 £ * 7 sr Z\PPt -^APSH 

y 4 4 5 Z / 4  3 J Z   / Z\P*c =<Arhj.-rZ\%M+<A%,z. 
/ 4 <r £"4 4 £" J 4  4 zrZAFfic 
; 4 £ / d> y 43- ^ CJAC  (l*&i* 4 lookup tOiih (n^Sil 

/ 4   7 ^3 J 4 6 Z C 6<J/3£. -&JAC 

) 4- 2 Z f / f7 /<ZJaC-^c/ 

/ 4 ? F3 /   4 / I  + /£JAC-^A'C/-/.0 0 

/   £• 0 * / -^ / j 3"  / /   5- Z X(~ 149 -atO-fran.lSL 1 tti.u*i. IfL 
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Z   J    + *   .<   y   g ^ y * /a x y   >   /£ X  >   x ' £0 

1  z 1 9 Z   /  ? Tf-ans. TO Z/g 

1    5"  Z r z /   <*•£ Z 4 67/ic -/~ kJ/ic 

I    C  3 r^ 7 5""Z M tJ*c" - (cjA c+ cJfii). r 
/ r 4 r / 2 -f J ^ 3 &JAC   - £^7/>c 
J  T r 9 J J Trans,  -to JJ? 

J   C <L 54- 7   /   £> 7   7  J 6^3 7/z- 
1       J         / 5" 2. rr /   0 9 C<JciSA   — 6^<4C* / ^z, 
I   C 2 r ^ 7 i"  7 / e> 6JC3P 7^- 
)   C D S- 2- / .T<£ / J-^ <Uj 7~;z /- *^^/^ T?' 
i L o <? f y .T* ^ «? 73^~CcJJ7fzfcJce*7?)/'tJA'c 

J   6   ) S 5* 7 / * /   6 O CTJ =r J7.3ZP3/75 
l   6>  & r + 7   £  / 6 <f=tf°T 
j   6> J £ ST ^ * / 6> Z CF/^gt - cJ*c//? 

J   6 4 5 4 7   ^   J / 3 (CFHgtXQu.Conit^ 

;    6   r 5*4 /   * + / J r Qst -' (&*&Qub*£0&\^ 
y   6  ^ £TJ" J   & S" j ? QBt/Cf £j*C 
y 6 7 r 2 J  6> O 7 4   6 ^2 4   -7j' ->-0*f/cpt*J*c 
.'  £ £' r r /   J   f J Af%F//jtrs> 

7  £ S> 5 Z. 7 7 7  £ i7 
Pfrt = 7j t^fet//2S9 

/   7 4 r ^ / ^   ? z ; 7.3 IP's/) 

/  7   / i 
/  7 O /  ^ 7 &Tfi >-=/7.3Z&>/7^* 

/    7 2 y   7 Z4 AA> &J#t. 

/  7 J /   o /   7 Z J- /** &J*<A%2. 

/  7 /h /   r /  7 ^ XTA,A/%Z 

J   7£ Z~S~ / 7   4 •7   77 &PDL = c^/£^2/X
/q7i" 

/   7£ <? 3 /   / 7^7 C7Z-77o)             ^ 
/   7  7 54- J   7 6, 5? Q&i " ^? dwO% -TfrtS 
/   7 2 rr 7  77 J 5> C?£>Z /<?/> ttJjc 

J   7 9 5"2 / 6> 7 7   7^ 7& - 75/? •/• <&DI/<?S tJac 
J Z o /  <P z + J $AC 
J  Z 1 r z / ^^ 7 • 6?£r/ - QAC-T Gf- 

1  ? z e r / <f / 3 9 , Qtr/cptJAc 
/   £' 5 ir 3 /   7  9 / Z Z 7y - 72 - £>tv/T^UJAC 

/  i? •/ s- 3 /   ^J , z r TZ-*;' 
J z r -2   r / <f * fr.-r;'/ 
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1114 *   >-   *   S X   y   y ISL >    x   y /£ /    x    /'(SO JZTA/S Tf?UCTt o^ 

/   8 6 5* 3 I   8 S* •     1  4 /7^-T;7-/J 

/  g .7 % •J   S>   1 I   9 / ' ; ^ ^ JV i»6 - or 0T?a«i/9/^i^-f trani. jgf^ 

/   g 2 5" 2 1   B 3 z r 7^-tr-y' 

1   Z 5> f«h /   * ? ./. 77"=.r^*7-7') 

)  5> 0 9 2 /  6 7~rans. ~£Q JZ 

13 1 f z t> 8 7 5" • 2&DJ. + APSJ> 

i d z 9 2.   )   1 T^rans,   -£a Zl I 

i   9 3 £ + 2   l   2 4  £ o~u AP/)c 

1 9 + I   6 I   9 3 4 0)*c 

J 9 <? 5-3 /   9 4 2 + LAJA C - ^JAC 

/ 9 6 2 S / 9 y /{JAC-6JA'C / 

1  9   7 5 3 /  9 £> 1 + /cJAC-t^M. /— /.0 0 

/   9 2 % 2  /   2 2 / «? /   ? 9 If m - or cTro^.ZlfjUt tram, 10^ . 

/  9 9 •     ^2 1  9   + 2 * CJAC y~ ^/Ac 

2 0 0 £ 4 J  9 5 7 {JA'C ~. S~£CJAC+ iJfi'c) 

2   &   1 s / Z 4- ?.   o & fe •£  zj^c - zJ/tt 

2 o z 9 3 3 ~Frans.  33 

2 0 3 2  ? X 3 /Py'-HJ     ' 
2 0 4- r 3 2  oj /   Z lr,

7'-7r/-6cj 

z o r ? ?J 2>J 2  ^J  ^ Xf lo+ -0t 0 ILOM .9] i f t tr°«. ZQ6, 

Z-O 6> £ / Z  6  6 ? J *,'-<% 

2 0 7 5* S 7 ?  J s^r Tfzc(, -tnflkST, 0 irs^.VZji-tiGti.K 

2 o 2 dT /Pea« TnpJtdA^CQvcA - Arc^ 

ZO 9 / £oaJcJ rsa-A/ZfableCfiQ-   ) 
2/0 9 3 0 • 77-ons.,   30 

2   I   J $ 2. 1   9  / > 7 r APPj.+APsh-i-APp7m 

2 /   Z 5" J 2 / J / / r Aftc-APojiAPsh+Arpi-Aftt- 
2  l 3 * 2  1  4- /   93 >   9 3 TJ-ZIZ - tr»«. Z/4 ,|• {•  O 6,i traK.Wl 

2  I 4 5 / 2    /   2. I   9  t Str  APAC-=0 

2 J  S 9 /  9 3. Trans,   J ?3 

2  J  & 5 / 2 5" J 85 Set Ty'tT," 

2   1  7 9 3  2 Jlrarts, ~to  3 2 

Z J  8 5 J •   Z J   g 2 1   9 Ser 2/S- = Zty 
6 N D 

jCtjFor £>41 "7? £#tlDS Cj/ic , 7/ j ?APBf. So l/ou; (Tod. 
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/    2   3   4- /  /  7  ? y  x • *   i*. *  y   *  /£ y y   y \o J~A/£ rxuc rjo A/ 

SNAP Ffe ir^AM (Twdf /<.«<   T-O   OALUil/erf' - Tuit.LrrA'ff .Wcr^M  WITH  2 AIR 

CoMD irjosj( &<L 

2   / -^ 

1 

TtfArJS,   Z/g 7 3 9 
2/2 . r JT 5"9 2oJ, - t^/ff 

.    2  / ^ 5/ z. / 8 z / 2 a^)z 

Z  Z 0 5-4 2  / S Z Cp <ZZu>,~) 

1   z  I 9 7 4 ~7ra*S.  74 

1 + 5** 
1 

z 1 9 J  9 ^Iz^Yih- KshCztJjt 

9 3 5 J Z Z 0 V   7 CfCz*>0-(s>sh/lih/l 
9 7 Z Z z z 0 ;  7 Cf ted,}* , srcSj* /Is* 

/   /   O 5V z. /' r / 0 ^ ?*S,-tfS* =2^J 

/   / s ? z zz 
* 

77*ar>s.   ZZ Z~ 

Z   Z  Z- <? + J   i  0 J &*Jj =*S~C26jj) 
2.   Z   3 J   7 z z z /-*/  LJJ 

2   Z   4 £-* 2  Z   Z 5 C/a 6^2 
Z   Z sr 9 s /   9 , T'rartS. //^ 

/  r 9 / O Z ZJ J. ZAJ  OJI J^PO1. 

/ £** <r r ; z 3 2 2^ C?Dz/r/>cJ2t 

/   Z 6> 5-^ z z z y ?r <~>J7+ 

J   Z 7 9 Z   Z- & • 

• 

7^4r>S.   ZZ& 

2 Z 6> £- + j   0    9 -i . f' ^SL 

Z Z  7 tr z dr * -z z &> tJcsA- cJ^c^i'.s'cJ;^ 

z z   <B 9 / z $ 7^**J. Ug 
/ z S £- <? & z 7 /   6 6Jc*A Tp 
i  <r & 9 z z s> Y^am,    ZZ^ 
z z J sr 4 J  / 0 U cJ3-,S(z(Jj> 

Z  3   O <? 4 /   0  9 J. > S~ cJ$.L> 
2 3/ <r + 2   £ "5 J /  3 ^3 771 
z J z 9 / sr 7 . T^-ariS, /r7 

/ S 7 J- a z 3 0 X s t ^£T^/8 ~>£JsL + 0JfitL 

/ r ^ r 2 Z  3 / / JTZ ^jT^jt? cJcan T?- 
s  J   3 r / 2 3   J Z   3  3 Vf^   'P&OGi £*>!>< 
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5.3    Data 

Results of the computer runs are tabulated In the following sections. 
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APtf- U)*C Pi 1 3 J3A n Py Ps» AFtu 
IU.HZO lh/min. lu.ttc.k IN. H<? A • fhl.'hlG.A /A/./fc.A i N.Ho.A 1 *t. Her. ft tV.HG.fi. /M H^O 

A N/rn -?r 72* /3f. PA-- 2?/?2 

JO.674 BBHM 20.00S- 2.9.V4-Z Jd.09o 2. ms o ys'.oo 10.IL? JO. 101 

>         j 24-. 27 S6.ISS- 3a,o\SO 2 0.637 SO. 110 3C.b7.-i. 29.94-2 jo-or^ 1. 8t\ r 
Z 72.£2. ja,/f7 .ro.orj JO,00 0 ifl.148 ?6.640 29,941 30.0 27 /. < r+ / 

3 /06,ri 3D. Ill 36.0 23 29.^ / 26,1*2- 30.057 29,942 29,99a .9^4 

4 >07,OS 30,14-3 20, 0/2 2-5,942 £0,2.76, 3Ca85 29,9<T6 2 9.9"? 7 .7 7? 

4.£T I .'O'OO J0JS"3 Jems' 2 9,942 30.112 30,114 29,^74 29.979 . 90Z 
jM/rw-i'+ -TA~ /2 S-.  /3i = P7.9 2. 

3D. 6£,l   3D- oo sr 29.^+2 30,01 f Z./TD o 7<6,c,Z JCJfZ. 20.094 

/ 2S~.oo 30. J44 jo.cni 30.019 30,102 J&.0Z.O u 3O.05'0 J. Ill 

•2             £>^/Z 30./3<r 70,043 Z9.99Z 70,12? 2D.OZ7 n 30,017 J.3ZC 
J /o/.zi 20,l2(t> 3o,o/6> Z9.951 30,111 30.05-3 // Z9, 986 ,9C5 ' 1 
4 JOi.€3 20, 111 20,010 Z9.942 20.22& 20.092 29.96 + 29,976 ,76i 

^C" Jj /. ?<? JO. /4Z 30.013 H 20.2.12 30, / zo Z9.98Z, 25>,977 ,7^7 

AN/TS k/-6j "^ = /ZS,  PA = 29.92 

•?0.t?f4 __ j&. **r 27?*£ 70. 07-? -J'. ^<?^ 0 76S7 ^0. 76/ J'*./*/ 

/ £*M-2- S<?. /^3 •?0.a7<0 y&t&s jr^/^9 70. 0>22 27>f>+2 7'- *^4 7.<7d a 

z PS.** Sa./ff 70. <?£>/ X?.??? 3"a. /*?6 7*. <??7 277*2 77. 02S" /.f7f 

I /f.&f- 3<7./J"? 30. 02/ o??.9*y ?<?/#& 3.S.0S6 27.7+2 27. 990 .?*r<7 

4 /<??. aa ^<?./<?s 70. <2/S 2j?.3<?2 70.2 76 7*. 0OT? 27. 7:76 29.77*' . 772 

4,^ //<?. 62 ?<?/£3 _5V. £>/& 2'^^*2 7^.2 77 -JV. //<# 2?.777 ^7.777 . <&0>6 

sfS// Tves/-' ?       ^ - •^ , /*?* =~? 7.72 

7'- "X 2r.74>2 J0.*?j? 2. 07? a 7<Z.  6? _7*. •-**<** J»-r- 0<*f 70- *4& — 

/ <7^. 6* &*.*** JV. <*<? ^ />.' *2J jy>- 'S2 7*'"? 27.7-fJ- 3*. fCS /.   0-S/ 

2 !?*.<? 0 JV. ss 7 JV. 07<f 27- ?Sf 70- /74 .JV. >^^» 27.7*2 JV. -'-'J? /S72- 

J y<^7.37 70- "t 70.0*9 29.7J77 JV. '?/ 7*. ++? 27. 7*2 J?7 770 .S/7 

-* /70*. **? 7*./J2 70.+0<7 29. ?*•* J*'-234 7<*.*77 Jf7. 77/ 27. 9?7~ .77-2 

<f*-S 772. <5*f* JV. 7*2 30. 0/2 27 9+2 30. X 7J 70. /Jt / X77S6 27. 777 .77* 
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APa> r, n Vi Vz 'Tj 
* 

7Z -r7 77, 
iti.HiO °z *R °R *Z °^ CR °R */r *r 

A///V7* r-x?j ri -/2£; P* -29.5>2 

/Z/,56 121,66 /22.29 JO.60 9*.7Z O J2.2Z. 93.73 97.11 IZ/. s& 
1 94.2/ 94.97. • 9Z.+0 H9.3& / 20,/Z /zo.rs /do.^r 9/. 69 96.69 
2. 91.? 1 ?4:(,8 97. 8Z //6&£ II 7.4b 1/8.9/ /I9.C4 91.67 96. 2€ 

3 9.C J 1 9 5", 73 9?.r* H6.1Z JJ6, r/ //f.6i /**.%/ 93.0 0 97.14- 

4 /0Z.9S '62.41 /ar.4# /2/.71 /2Z.2./ I2C/3 Jtr./z. 10/. 00 *o4,+Z 

4,<T /0T.9Z /062-9 /68./0 /24TO! 12441 / 27,71 127,66 /o4.oo 107.19 
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ATTSC/Major Worthington,  L. G. Hanscom Field, Bedford, Mass. 1 
AFLC (MCFC) Mr. Deering), L. G. Hanscom Field, Bedford, Mass. 1 
Det. 1, 1800 Supp. Sq. (AFCSRO), L. G. Hanscom Field, Bedford, Mass. 2 
Hq. USAF (AFSSA-ES-4), Washington 25, D. C. 1 
Hq. AFSC (SCSEW), Andrews AFB, Washington, D. C. 2 
USARDL (SIGRA/SL-ADT/Tech. Dec. Ctr.) Ft. Monmouth, N. J. 1 
USARDL (SIGRA/SL-SUC), Ft. Monmouth, N. J. 1 
USN Electronics Lab (Attn: E. Kemp), San Diego, Calif. 1 
Hq. USAF (AFMMP), Washington 25, D. C. 1 
Hq. USAF (AFOOP), Washington 25, D. C. 2 
Hq. USAF (AFORQ/Lt. Col. W. W. Smith), Washington 25, D. C. 1 
Dept. of Navy, NATC (NAMEP Sr. Officer,   PatuxentRiver, Md. 1 
Hq. AFCS (FFRE),  Scott AFB, El.  2_ 

TOTAL 60 

*Hq.  ESD (ESTI) will accomplish distribution of report of DDC. 
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